TEACHING POINTS•Treatment with antibiotics shortens the duration of symptoms and reduces the complications of tonsillitis and pharyngitis, otitis media, sinusitis, deep neck abscesses, epiglottitis, and bacterial tracheitis.•Over-the-counter medicines for colds are not efficacious.•Penicillin remains the treatment of choice for *Streptococcus pyogenes* pharyngitis.•Airway obstruction occurs in deep neck abscesses, viral croup, epiglottitis, bacterial tracheitis, and recurrent respiratory papillomatosis.•Clinical features and patterns of disease are different from those in adults.

Infections of the upper respiratory tract are very common in children. Their epidemiology is described in Chapter 31. Although infections of the upper respiratory tract often resolve completely without complications, treatment is indicated where it can achieve more rapid resolution of symptoms, prevent the illness becoming more severe, prevent complications, or prevent chronic disease.

The conditions covered in this chapter are the common cold, tonsillitis and pharyngitis, otitis media, sinusitis, deep neck abscesses, viral croup, epiglottitis, bacterial tracheitis, and recurrent respiratory papillomatosis.

 {#cesec22}

THE COMMON COLD {#cesec23}
---------------

"I love the doctors---they are dears;But must they spend such years and yearsInvestigating such a lotOf illnesses which no one\'s got,When everybody, young and old,Is frantic with the common cold?And I will eat my only hatIf they know anything of that!^1^"

### Epidemiology, Risk Factors, and Pathogenesis {#cesec24}

The common cold may be caused by one of over 100 different viral types; the major ones are listed in [Box 32-1](#cetextbox1){ref-type="boxed-text"} . The main clinical difference among colds induced by different viruses is in the duration of the incubation period.[@bib19] Other types of organisms occasionally cause a syndrome that can overlap with the common cold. Such organisms include *Mycoplasma pneumoniae, Bordetella pertussis, Streptococcus pyogenes, Coccidiodes immitis, Histoplasma capsulatum, Chlamydia psittaci,* and *Coxiella burnetii.* [@bib18] Box 32-1Viral Causes of the Common ColdMost Common CauseRhinovirusesCommon CausesCoronavirusesInfluenza viruses[\*](#fn1){ref-type="fn"}Parainfluenza viruses[\*](#fn1){ref-type="fn"}Respiratory syncytial virus[\*](#fn1){ref-type="fn"}Occasional CausesAdenoviruses[\*](#fn1){ref-type="fn"}Enteroviruses[\*](#fn1){ref-type="fn"}

With the use of polymerase chain reaction (PCR)-based assays, the proportion of common colds for which an etiologic organism is identifiable has increased to 70% to 80%. The discovery of human metapneumovirus as a cause of acute respiratory infections suggests that currently unidentified infectious agents cause at least a proportion of the remainder.[@bib18]

Common colds vary in frequency with age and season. They are more frequent in autumn and winter in temperate regions and in the rainy season in tropical regions.[@bib18] Children have more colds per year than do adults and can be expected to have approximately six colds annually from age 2 to 6 years.[@bib20], [@bib21], [@bib22] For children, day care attendance increases the risk of illness, with a dose-response effect evident between the number of children in the day care setting and the number of colds.[@bib18], [@bib23], [@bib24], [@bib25] Among adults, psychological stress is associated with an increased risk of having the common cold.[@bib26] Colds occur less frequently in women who work outside of the home, suggesting that exposure to children is a risk factor for adults.[@bib18], [@bib27]

The mode of transmission (hand contact with infected secretions versus small-particle aerosols versus direct hit by large-particle aerosols) varies between viruses. Rhinovirus, the most frequent pathogen, is transmitted mainly by hand contact with infected secretions followed by self-inoculation onto the nasal mucosa or conjunctiva, but it also spreads as an aerosol.[@bib28], [@bib29]

The pathophysiology of the common cold is understood mainly from studies of adult volunteers infected with rhinoviruses.[@bib18], [@bib28], [@bib30] After deposition of the virus on the nasal mucosa or from the conjunctiva via the lacrimal duct, the virus reaches the nasopharynx via mucociliary transport. After binding to specific cell surface receptors, the virus enters the epithelial cell. Once inside the cell, the virus starts to replicate rapidly. The infectious dose is small.[@bib31] Up to 95% of people without serotype-specific antibodies become infected, with 75% of these infections resulting in symptomatic colds.[@bib32]

Infection of nasal mucosal epithelial cells results in vasodilation and increased vascular permeability leading to rhinorrhea and nasal obstruction.[@bib18] Sneezing and increased mucus gland secretion occur as a result of increased cholinergic stimulation.[@bib18] In contrast with influenza and adenovirus infection, epithelial destruction is not a feature of rhinovirus infection.[@bib18], [@bib30]

Components of the upper respiratory tract other than the nasal cavity are affected by the common cold. Paranasal sinus abnormalities are evident on radiography.[@bib33], [@bib34] These abnormalities resolve spontaneously. Eustachian tube dysfunction occurs frequently in both children and adults and predisposes the susceptible individual to otitis media.[@bib35], [@bib36], [@bib37], [@bib38]

During the common cold, the greatest concentration of virus is in the nasal secretions, with little found in secretions generated by coughing or talking or in saliva. The greatest amount of virus comes from sneezing, nose blowing, and secretions from the nose transmitted on contaminated hands. Children have a greater concentration of virus in their secretion and tend to shed virus for longer periods than adults. Viral shedding is maximal 2 to 7 days after inoculation, although some shedding may continue for another 2 weeks.

Serum antibody and secretory antibody develop from the infection and appear to be protective against reinfections. Clinically abortive colds may be reinfection colds with early antibody recall.

Impairment of nasal mucociliary transport persists for approximately 1 month after a cold. Children who have four to six colds in a winter may have constantly impaired mucociliary transport.

### Clinical Features {#cesec25}

The common cold is an acute, highly infectious illness characterized by nasal stuffiness, sneezing, coryza, throat irritation, cough, and little or no fever; it occurs multiple times each year in each person. Although older children have an illness similar to that of adults, in infants, the symptoms and signs may be more varied. The minimal symptoms that define the diagnosis are nasal discharge, nasal obstruction, and throat irritation. At the onset of symptoms, there is a feeling of chilliness on exposure to cold, dryness and irritation in the nose, and a scratchy throat. This progresses rapidly to nasal stuffiness or obstruction, sneezing, watery nasal discharge, throat irritation, watering eyes or eye irritation, coughing, occasional muscular aches, general malaise, anorexia, and, sometimes, low-grade fever.[@bib19] After 1 to 3 days, the nasal secretions may become thicker and purulent. Persistent nasal discharge may lead to excoriation around the nose. If nasal obstruction occurs, it leads to mouth-breathing, aggravating the irritation of the throat. The usual duration of the illness is about 7 days, but lingering nasal discharge may persist for 2 weeks or longer.

In infants, the onset is more likely to be associated with a fever of 38° to 39° C (100.4° to 102.2° F).[@bib18], [@bib39], [@bib40] The infant may be irritable and restless, and the nasal obstruction may significantly interfere with both feeding and sleeping. Vomiting and diarrhea may also occur.

### Diagnosis {#cesec26}

If the clinical features and exposure history are specific, then investigations are not indicated. In infants, investigation for alternative diagnoses, including invasive bacterial infections, may be necessary, particularly if fever is a predominant symptom and/or nasal obstruction results in apnea. The early symptoms of many illnesses such as pertussis, epiglottitis, measles, and diphtheria are similar to those of the common cold, but in a short time, the other features of the specific illness appear. Allergic rhinitis may need to be distinguished from the common cold in the child with "recurrent colds." Assessment of the family history, possible allergic triggers, nasal eosinophilia, and serum immunoglobulin E (IgE) concentration help confirm or exclude this diagnosis. In children, intranasal foreign bodies should be searched for if the nasal discharge is atypical in terms of persistence, blood staining, or malodor.[@bib18]

The features of the illness caused by different viruses overlap widely, making clinical differentiation unreliable. Laboratory confirmation of the specific viral cause is of little value to clinical practice with the exception of influenza. Several laboratory methods are available for identification of viruses. Isolation by cell culture is too slow to be clinically relevant. Rapid antigen tests are available for some organisms, for example, influenza virus. In comparison with cell culture, influenza antigen detection in respiratory specimens by immunofluorescent staining has a sensitivity of 70% to 100% and specificity of 80% to 100%. PCR assays are more sensitive than culture, but their laboratory requirements limit clinical applicability.[@bib41] Near patient tests, which produce results within 30 minutes, have highly variable sensitivities and negative predictive values.[@bib42]

### Treatment and Prevention {#cesec27}

The common cold in children usually resolves quickly, and no specific therapy is indicated in the majority of cases. Although the common cold is a relatively mild and self-limiting illness, it is enormously expensive in terms of lost productivity and money spent on various treatments, the majority of which have minimal or no efficacy.

In infants, nasal obstruction may be relieved by isotonic saline nosedrops, which can moisten irritated nasal mucosa, loosen nasal secretions, and induce sneezing. Gentle aspirationof the nasal secretion using a blunt syringe or suction can provide temporary relief for an infant. Use of concentrated capsules of eucalyptus for inhalation to clear the nose is contraindicated in young children; these can be highly dangerous if applied incorrectly to the face.[@bib43]

Frequent intake of fluid helps relieve the irritated throat. Environmental tobacco smoke aggravates all the symptoms and should be avoided.

The published literature on modalities used for symptomatic relief of cold symptoms has been summarized using systematic reviews as follows:*Antibiotics:* In a meta-analysis of six trials that included 1147 patients (children and adults), people receiving antibiotics did no better than did those receiving placebo in terms of cure or persistence of symptoms.[@bib44]*Vitamin C:* In studies of adults, beneficial effects of vitamin C have been shown when it is used prophylactically for 2 to 3 months but not when started at the onset of symptoms. However, fewer trials have examined this later use.In studies of adults, 200 mg or more per day of vitamin C does not reduce the incidence of colds, except in those exposed to brief periods of extreme physical exercise and/or cold environments.[@bib45]Vitamin C given prophylactically results in a small but significant reduction in the duration and severity of cold symptoms. In studies of children, there is an approximately 14% reduction in duration of symptoms. The severity of symptoms, as measured by "days confined to home" or "days off work or school," is significantly reduced in studies that include both children and adults.[@bib45]*Zinc lozenges:* There are no studies specifically of children, although some older children have been included in predominantly adult studies. There is no evidence that zinc lozenges are effective.*Echinacea:* Most studies have examined the use of echinacea for treating rather than preventing colds. The results of placebo-controlled trials have been inconsistent, with some showing effect and others not. This variability is likely to be due at least in part to the large variability in composition of products that are sold as "Echinacea."[@bib46]*Nasal decongestants (either oral or intranasal):* The efficacy of these in children remains unproved.[@bib22] In adults, a single dose of a nasal decongestant is moderately effective for the short-term relief of congestion.[@bib22] The potential side effects are a concern, especially in young children. In children, they have a measurable sedating effect.[@bib47] Excessive use of sprays and drops with vasoconstrictive medications can lead to rebound obstruction, which prolongs the illness symptoms.*Over-the-counter medicines for acute cough* [@bib48]: There is no good evidence that over-the-counter medicines provide any benefit greater than that seen with a placebo. These medications confer no protection against the development of otitis media.[@bib49]*Antitussives:* Neither dextromethorphan nor codeine is better than a placebo at reducing cough during the day or night.[@bib50]*Expectorants (Guaifenesin):* This has not been adequately studied in children.*Mucolytics (letosteine):* One study involving 40 children showed a statistically but not clinically significant difference in symptom score in comparison with placebo (a difference of 0.2 point on a 4-point scale).[@bib51]*Antihistamines as monotherapy:* In children and adults, antihistamines do not significantly reduce cold symptoms (nasal congestion, rhinorrhea, sneezing) or alter subjective improvement.[@bib52], [@bib53] First-generation antihistamines cause more sedation than does placebo.[@bib52]*Antihistamine decongestant combinations:* These are not effective in small children.[@bib52] In older children and adults, a small amount of improvement in general and in nasal symptoms specifically may occur.[@bib47], [@bib52], [@bib54]

Of the numerous etiologic agents that can cause colds, only for influenza virus is there commercially available antiviral therapy. The newer class of antiviral drugs, the neuraminidase inhibitors (zanamivir and oseltamivir), are effective against both influenza A and B viruses.[@bib55], [@bib56] Oral oseltamivir, 2 mg/kg/dose, given twice daily, to children 1 to 12 years old shortens illness duration by 26% and reduces cough, coryza, duration of fever, and new diagnoses of otitis media.[@bib56] In children 5 to 12 years of age, the nasally administered zanamivir has also been shown to decrease symptom duration and severity.[@bib57]

Prevention by immunization is currently possible only for influenza. In addition to the present inactivated vaccine that is given intramuscularly, a live attenuated cold adapted intranasal vaccine has been shown to be efficacious in children.[@bib58], [@bib59], [@bib60]

### Clinical Course and Prognosis {#cesec28}

The uncomplicated common cold has a uniformly excellent outcome with complete recovery. However, complications are common and include acute otitis media, otitis media with effusion, tonsillitis, sinusitis, lower respiratory tract infections, and acute exacerbations of asthma[@bib61] ([Box 32-2](#cetextbox2){ref-type="boxed-text"} ).Box 32-2Common Cold Teaching Points•Children have more colds than do adults. They have approximately six colds per year from age 2 to 6 years.•Children are very effective spreaders of colds, having a greater concentration of virus in their secretions and longer duration of viral shedding than do adults.•In infants, colds are more likely to cause fever, and at initial presentation, the colds may be clinically indistinguishable from serious bacterial infections.•Vast amounts of money are wasted on over-the-counter products for colds. Meta-analyses of clinical trials have confirmed their lack of efficacy.

PHARYNGITIS AND TONSILLITIS {#cesec29}
---------------------------

Pharyngitis is an inflammatory illness of the mucous membranes and underlying structures of the throat; it is invariably associated with the symptom of sore throat. Most cases of pharyngitis in children are caused by viruses and are benign self-limiting illnesses. Group A β-hemolytic streptococcus (*S. pyogenes*) is the most important etiologic agent because of its potential to cause rheumatic fever. The prevention of rheumatic fever defines the management of pharyngitis.

### Epidemiology, Risk Factors, and Pathogenesis {#cesec30}

Pharyngitis includes tonsillitis, tonsillopharyngitis, and nasopharyngitis. The inflammation frequently also involves the nasopharynx, uvula, and soft palate. Pharyngitis with nasal symptoms (sometimes called *nasopharyngitis*) is usually caused by a virus, whereas pharyngitis without nasal symptoms can be caused by a wide variety of infectious agents.

When an infectious agent is inoculated onto the pharyngeal or tonsillar tissue, localized inflammation occurs. This may occur de novo or as a complication of the common cold, when the etiologic agent is more likely to be viral. A list of etiologic agents is presented in [Box 32-3](#cetextbox3){ref-type="boxed-text"}, [Box 32-4](#cetextbox4){ref-type="boxed-text"} . *S. pyogenes* causes 15% to 30% of acute pharyngitis in children.[@bib62] Box 32-3Viral Agents in Pharyngitis and TonsillitisCommon Viral CausesAdenovirus types 1 to 7, 7a, 9, 14 to 16CoronavirusEnteroviruses: coxsackievirus types A and B, echovirus type AEpstein-Barr virusInfluenza virus types A and BParainfluenza virus types 1 to 4Respiratory syncytial virusLess Common Viral CausesCytomegalovirusHerpes simplex virusMeasles virusPoliovirusReovirusRhinovirusesRotavirusesRubella virusBox 32-4Other Agents in Pharyngitis and TonsillitisCommon Bacterial Causes*Streptococcus pyogenes*Less Common Bacterial Causes*Actinomyces* spp.*Bacteroides melaninogenicusBacteroides* spp.*Borrelia* spp.*Corynebacterium diphtheriaeCorynebacterium pyogenesCorynebacterium ulceransFrancisella tularensisFusobacterium* spp.*Haemophilus influenzae*βHemolytic streptococci B, C, and G*Legionella pneumophilaLeptospira* spp.*Neisseria gonorrhoeaeNeisseria meningitidisPeptostreptococcus* spp.*Salmonella typhiStreptobacillus moniliformisStreptococcus pneumoniaeTreponema pallidumYersinia enterocolitica*Other Organisms*Candida* spp.*Chlamydia pneumoniae* strain TWAR*Coxiella burnetiiMycoplasma hominisMycoplasma pneumoniaeToxoplasma gondii*

Pharyngitis occurs more frequently during the colder months of the year. In temperate climates, pharyngitis due to *S. pyogenes* infection usually occurs in the winter and early spring.[@bib62] Pharyngitis due to *S. pyogenes* is primarily a disease of children 5 to 15 years old. Group C streptococci are a common cause of pharyngitis in college students.[@bib63] Group C streptococci are also described as the etiologic organism in epidemic pharyngitis spread by contaminated food.[@bib64], [@bib65]

The inflammation causes erythema of the pharynx, the tonsils, or both structures. Exudate typically occurs with only some organisms, including adenovirus, herpes simplex virus, β-hemolytic streptococci, *Corynebacterium diphtheriae, Arcanobacterium haemolyticum,* Epstein-Barr virus, and *Candida* species. Ulceration is usually seen only with herpes simplex virus and enterovirus.

The pharyngeal involvement may be overshadowed by other symptoms, such as cough and coryza, when, for example,the infecting organism is the parainfluenza virus, and fever, exanthem, and meningitis when the infecting organism is an enterovirus.

The tonsillopharyngeal involvement with marked exudate caused by Epstein-Barr virus looks similar to that caused by *S. pyogenes.* It appears that bacterial adhesion is the cause of the exudate that occurs with this Epstein-Barr virus infection.[@bib66]

Primary and recurrent herpes simplex virus infection occasionally has associated pharyngitis.[@bib67] In almost all instances, there are herpes lesions in the anterior mouth, externally around the mouth, and at the mucocutaneous border.

### Clinical Features {#cesec31}

Children of any age can develop pharyngitis and tonsillitis. The onset is usually sudden with fever, sore throat, and anorexia. There may be headache, nausea, vomiting, lassitude, and sometimes abdominal pain. With viral infection, there are often other signs of respiratory tract infection, with more or less systemic involvement. The cervical lymph nodes are enlarged and tender. There is moderate to severe pharyngealerythema, and there may be follicles, ulcers, petechiae, and generalized exudate. Petechial lesions on the soft palate may occur with pharyngitis due to *S. pyogenes,* Epstein-Barr virus, measles virus, and rubella virus.

In all cases of acute pharyngitis, streptococcal disease must be considered. Various clinical factors (exposure, season, incubation period, age of patient, and associated clinical findings) may distinguish among causative organisms in large epidemiologic studies, but in the individual child, the clinical distinction of streptococcal pharyngitis from viral pharyngitis is unreliable. If there is an obvious nasal infection, ulceration, or conjunctivitis, the etiology is most likely viral. In a child under the age of 4 years, pharyngitis with no exudate is almost always viral. In a child older than 4 years of age, pharyngitis with exudate or fever is most likely caused by *S. pyogenes,* but other bacteria may mimic this condition.[@bib28], [@bib29] The clinical features of pharyngitis due to group A, C, and G β-hemolytic streptococci are similar.[@bib62] The clinical and epidemiologic features that differ in pharyngitis due to *S. pyogenes* versus a viral cause are shown in [Box 32-5](#cetextbox5){ref-type="boxed-text"}, [Box 32-6](#cetextbox6){ref-type="boxed-text"} (see also [Fig. 32-1](#f1){ref-type="fig"} ).Box 32-5Clinical and Epidemiologic Features Suggesting Streptococcus pyogenes PharyngitisSudden onsetSore throatFeverScarlet fever rashHeadacheNausea, vomiting, and abdominal painInflammation of pharynx and tonsils and uvulaPatchy discrete exudatesPalatal petechiaeExcoriated nares (especially in infants)Tender, enlarged anterior cervical nodesPatient age 5 to 15 yearsPresentation in winter or early springHistory of exposure© 20082008Since January 2020 Elsevier has created a COVID-19 resource centre with free information in English and Mandarin on the novel coronavirus COVID-19. The COVID-19 resource centre is hosted on Elsevier Connect, the company\'s public news and information website. Elsevier hereby grants permission to make all its COVID-19-related research that is available on the COVID-19 resource centre - including this research content - immediately available in PubMed Central and other publicly funded repositories, such as the WHO COVID database with rights for unrestricted research re-use and analyses in any form or by any means with acknowledgement of the original source. These permissions are granted for free by Elsevier for as long as the COVID-19 resource centre remains active.Modified from Gerber MA: Diagnosis and treatment of pharyngitis in children. Pediatr Clin North Am 52:729-747, 2005; and Bisno AL, Gerber MA, Gwaltney JM, et al: Practice guidelines for the diagnosis and management of group A streptococcal pharyngitis. Clin Infect Dis 35:113-125, 2002.Box 32-6Clinical and Epidemiologic Features Suggesting Viral PharyngitisConjunctivitisCoryzaCoughHoarsenessAnterior stomatitisDiscrete oral ulcersDiarrheaCharacteristic exanthems© 20082008Since January 2020 Elsevier has created a COVID-19 resource centre with free information in English and Mandarin on the novel coronavirus COVID-19. The COVID-19 resource centre is hosted on Elsevier Connect, the company\'s public news and information website. Elsevier hereby grants permission to make all its COVID-19-related research that is available on the COVID-19 resource centre - including this research content - immediately available in PubMed Central and other publicly funded repositories, such as the WHO COVID database with rights for unrestricted research re-use and analyses in any form or by any means with acknowledgement of the original source. These permissions are granted for free by Elsevier for as long as the COVID-19 resource centre remains active.Modified from Gerber MA: Diagnosis and treatment of pharyngitis in children. Pediatr Clin North Am 52:729-747, 2005; and Bisno AL, Gerber MA, Gwaltney JM, et al: Practice guidelines for the diagnosis and management of group A streptococcal pharyngitis. Clin Infect Dis 35:113-125, 2002.Figure 32-1Palatal petechiae in a child with *Streptococcus pyogenes* pharyngitis.

### Diagnosis {#cesec32}

A throat swab is necessary to determine the presence of *S. pyogenes.* Identification can be with either culture or a rapid antigen detection test. For both, an adequate swab of the inflamed tonsillar area is required and the manner in which the swab is obtained is the main determinant of diagnostic accuracy.[@bib68] The surfaces of both tonsils and the pharyngeal wall should be swabbed. Other areas of the mouth and pharynx should not be swabbed. If collected in this manner, a single swab has a sensitivity of 90% to 95% for the detection of *S. pyogenes* in the pharynx.[@bib62], [@bib69]

The throat swab should be incubated for 18 to 24 hours on a sheep blood agar plate. Agar plates that are negative at 24 hours should be reexamined at 48 hours.[@bib62]

Rapid antigen detection tests have been developed because of this 24- to 48-hour delay before a throat swab can inform clinical management. The results may be obtained in about 10 minutes. Most available rapid antigen detection tests have specificities of 95% or greater, and thus a positive result is a very good indicator of the need to treat.[@bib70] Sensitivities range from 80% to 90%, so a negative antigen test does not exclude *S. pyogenes* infection.[@bib70] When *S. pyogenes* pharyngitis is suspected clinically but the rapid diagnostic test is negative, a throat swab for culture should be obtained.[@bib41] A large proportion of false-negative rapid antigen tests are true infections rather than *S. pyogenes* carriage.[@bib71] Because of the limited number of direct test-to-test comparisons that have been performed, the relative sensitivities of different rapid antigen test have not been established.[@bib62]

A positive culture or rapid antigen test for *S pyogenes* cannot differentiate a child with a true infection from another with a symptomatic viral pharyngitis who is a *S. pyogenes* carrier.

### Treatment {#cesec33}

Symptomatic relief may be obtained from drinking warm fluids or, in the older child, saltwater gargles. An analgesic such as acetaminophen is appropriate. Simple lemon-based throat lozenges may be soothing, but ones that contain potentially toxic substances should be avoided. Decongestants and antihistamines have no place in the treatment of pharyngitis and tonsillitis.

Antibiotics are used to treat symptomatic pharyngitis caused by infection with *S. pyogenes.* The aim is to prevent the development of rheumatic fever. If the rapid antigen test and culture are both negative, then antibiotics should be withheld or, if already started, discontinued.

In addition to preventing rheumatic fever, treatment of *S. pyogenes* pharyngitis reduces the duration of symptoms and the risk of spread and enables quicker return to school and work.[@bib72]

Several different antibiotics are effective, including penicillin, ampicillin and amoxicillin, many cephalosporins, macrolides, and clindamycin. Antimicrobial therapy options for *S. pyogenes* pharyngitis are summarized in [Table 32-1](#cetable1){ref-type="table"} . Penicillin remains the recommended treatment because of its proved efficacy, narrow antimicrobial spectrum, low cost, and excellent safety profile.[@bib73] *S. pyogenes* has never developed resistance to penicillins or cephalosporins. The minimum inhibitory concentration of penicillin has not increased over the past 50 years.[@bib62], [@bib74] Table 32-1Antimicrobial Therapy for *Streptococcus pyogenes* PharyngitisRoute of Administration, Antimicrobial AgentDosageDuration***Oral***Penicillin[\*](#cetablefn1){ref-type="table-fn"}Children: 250 mg bid or tid10 daysAdolescents and adults: 250 mg tid or qid10 daysAdolescents and adults: 500 mg bid10 days***Intramuscular***Benzathine penicillin G1.2 × 10^6^ U (for patients ≥27 kg)1 dose6.0 × 10^5^ U (for patients \<27 kg)1 doseMixtures of benzathine and procaine penicillin GVaries with formulation[†](#cetablefn2){ref-type="table-fn"}1 dose***Oral, for Patients Allergic to Penicillin***ErythromycinVaries with formulation10 daysFirst-generation cephalosporin[‡](#cetablefn3){ref-type="table-fn"}Varies with agent10 days[^1][^2][^3]Modified from Gerber MA: Diagnosis and treatment of pharyngitis in children. Pediatr Clin North Am 52:729-747, 2005; and Bisno AL, Gerber MA, Gwaltney JM, et al: Practice guidelines for the diagnosis and management of group A streptococcal pharyngitis. Clin Infect Dis 35:113-125, 2002.© 20082008Since January 2020 Elsevier has created a COVID-19 resource centre with free information in English and Mandarin on the novel coronavirus COVID-19. The COVID-19 resource centre is hosted on Elsevier Connect, the company\'s public news and information website. Elsevier hereby grants permission to make all its COVID-19-related research that is available on the COVID-19 resource centre - including this research content - immediately available in PubMed Central and other publicly funded repositories, such as the WHO COVID database with rights for unrestricted research re-use and analyses in any form or by any means with acknowledgement of the original source. These permissions are granted for free by Elsevier for as long as the COVID-19 resource centre remains active.

Penicillin can be effective in preventing rheumatic fever even when therapy is started up to 9 days after the onset of the acute illness. Although the conventional oral dosage regimen is penicillin V, 250 mg 3 to 4 times a day,[@bib41] a twice-daily dose of 250 mg, if reliably given, is as effective.[@bib75] In children over 12 years of age, a higher dose of 500 mg twice a day is recommended.[@bib75] Intramuscular benzathine penicillin is very effective and should be considered for children who are particularly unlikely to complete a course of oral treatment.

Although the efficacy of penicillin in eliminating *S. pyogenes* from the tonsils and pharynx has not diminished after 40 years of use,[@bib76] the failure rate in practice may be at least as high as 18% in certain communities. Ampicillin and amoxicillin are associated with a 95% risk of skin rash in infectious mononucleosis[@bib41]; therefore, they are not recommended in the treatment of pharyngitis.

The course of oral antibiotic must be 10 days; courses of shorter duration are associated with lack of effective treatment. A child must complete a full 24 hours of therapy before returning to school or day care; otherwise, he or she remains infectious to other children.[@bib77]

Both suppurative and nonsuppurative (acute rheumatic fever, acute post streptococcal glomerulonephritis, and post streptococcal reactive arthritis) complications can develop from pharyngitis.

Scarlet fever is a streptococcal pharyngitis with a characteristic rash. The rash occurs if the *S. pyogenes* causing the infection produces a pyrogenic (erythrogenic) toxin and infects an individual who does not have antitoxin antibodies. The rash is either the first sign of the illness or occurs within 24 to 48 hours of illness onset. It begins around the neck and chest, spreads downward and is often more intense in the skin creases of the neck, axillae, elbows, groins, and knees (Pastia\'s lines). The palms and soles are spared as is the face, where there is characteristic circumoral pallor and flushed cheeks. The rash is diffuse, bright red, papular, and rough to the touch. The sandpaper texture is caused by occlusion of sweat glands. The rash fades over a week and is followed by desquamation for several weeks. In addition to palatal petechiae, the tongue has a white strawberry (yellowish white coating through which the red papillae are seen) and then, when the coating disappears, a red strawberry appearance (red swollen papillae).[@bib62], [@bib78]

### Clinical Course and Prognosis {#cesec34}

Pharyngitis is self-limited, lasting 4 to 10 days, and it has an excellent prognosis. However, in 0.3% to 3.0% of untreated *S. pyogenes* throat infections, the serious complication of rheumatic fever results. Suppurative involvement of both adjacent and more distant tissue is a well-recognized complication of *S. pyogenes* pharyngitis.[@bib79]

Follow-up cultures should be performed in children who have had rheumatic fever.[@bib62] Such testing should also be considered in patients living in communities where there are outbreaks of *S. pyogenes* infections, post streptococcal glomerulonephritis, or rheumatic fever.[@bib80] Follow-up throat cultures are not indicated in patients who have completed an appropriate antibiotic course and are asymptomatic. If tested, most of such children in whom *S. pyogenes* is identified are carriers.[@bib80]

Tonsillectomy is sometimes considered in the child with recurrent pharyngitis. The frequency of symptomatic episodes diminishes with time whether or not tonsillectomy is performed. Tonsillectomy results in a small additional reduction in number of symptomatic episodes, days of symptoms, and days of school missed[@bib81] ([Box 32-7](#cetextbox7){ref-type="boxed-text"} ).Box 32-7Pharyngitis and Tonsillitis Teaching Points•Most cases of pharyngitis in children are caused by viruses and are benign self-limiting illnesses.•The prevention of rheumatic fever defines the management of pharyngitis.•In the individual child, the clinical distinction of streptococcal pharyngitis from viral pharyngitis is unreliable.•The manner in which the throat swab is obtained is the main determinant of diagnostic accuracy.•Penicillin remains the recommended treatment because of its proved efficacy, narrow antimicrobial spectrum, low cost, and excellent safety profile.•Tonsillectomy results in a further small reduction in number of symptomatic episodes of tonsillitis, in addition to the decrease in frequency that occurs with time without tonsillectomy.

RETROPHARYNGEAL, PARAPHARYNGEAL, AND PERITONSILLAR ABSCESSES {#cesec35}
------------------------------------------------------------

Deep abscesses in the neck may cause serious problems because of local pressure, local destruction, or airway obstruction. They are classified by location into peritonsillar abscess (also known as *quinsy*), retropharyngeal abscess, and parapharyngeal abscess. Multiple abscess types can coexist. They have become sufficiently uncommon that they can be overlooked in the differential diagnosis when a young child presents with nonspecific symptoms of sepsis or of an acute pharyngeal infection. They have the potential to be catastrophically fatal or to result in significant morbidity if not detected early.[@bib82]

### Epidemiology, Risk Factors, and Pathogenesis {#cesec36}

Key features and differences between these abscess types are summarized in [Table 32-2](#cetable2){ref-type="table"} .Table 32-2Clinical Features of Retropharyngeal, Parapharyngeal, and Peritonsillar AbscessesUsual AgeSites of OriginLocationClinical FindingsComplications/Extension SiteManagementRetropharyngeal abscess\< 4 yrPharyngitis, dental infection, traumaBetween posterior pharynx and prevertebral fasciaUnilateral posterior pharyngeal bulging; neck hyperextension, drooling, respiratory distressSpontaneous rupture and aspiration; contiguous spread to posterior mediastinum, parapharyngeal spaceAntibiotics, drainage; artificial airwayParapharyngeal abscess\> 8 yr, adolescents, adultsTonsillitis, otitis media, mastoiditis, parotitis, dental manipulationAnterior and posterior pharyngomaxillary spaceAnterior compartment: swelling of the parotid area; trismus; tonsillar prolapse.Carotid erosion; airway obstruction; intracranial, lung, contiguous spread to mediastinum; septicemiaAntibiotics, drainage; artificial airwayPosterior compartment: septicemia; minimal pain or trismusPeritonsillar abscessAdolescents, adultsTonsillitisTonsillar capsule, and space below superior constrictor muscleSwelling of 1 tonsil, uvular displacement; trismus, muffled voiceSpontaneous rupture and aspiration; contiguous spread to parapharyngeal spaceAntibiotics, drainageFrom Brook I: Microbiology and management of peritonsillar, retropharyngeal, and parapharyngeal abscesses. J Oral Maxillofac Surg 62:1545-1550, 2004.© 20082008Since January 2020 Elsevier has created a COVID-19 resource centre with free information in English and Mandarin on the novel coronavirus COVID-19. The COVID-19 resource centre is hosted on Elsevier Connect, the company\'s public news and information website. Elsevier hereby grants permission to make all its COVID-19-related research that is available on the COVID-19 resource centre - including this research content - immediately available in PubMed Central and other publicly funded repositories, such as the WHO COVID database with rights for unrestricted research re-use and analyses in any form or by any means with acknowledgement of the original source. These permissions are granted for free by Elsevier for as long as the COVID-19 resource centre remains active.

#### RETROPHARYNGEAL ABSCESS {#cesec37}

An abscess can form in the retropharyngeal space, which is a potential space immediately anterior to the pre-vertebral fascia. It extends inferiorly from the skull base for the length of the pharynx.[@bib83] This space receives lymphatic drainage from many surrounding structures, including the middle ear, pharynx, nasopharynx, nose, and paranasal sinuses.[@bib84]

The retropharyngeal space is continuous laterally with another potential space, the parapharyngeal space. The fascia that separates these two spaces is an ineffectual barrier to the spread of infection.[@bib82] Infection may result from suppurative adenitis of the lymph nodes in the retropharyngeal space, or penetrating trauma, or foreign body aspiration.[@bib85], [@bib86], [@bib87]

#### PARAPHARYNGEAL ABSCESS {#cesec38}

The parapharyngeal space (or lateral pharyngeal or pharyngomaxillary space) is in the upper neck above the hyoid bone. It is an inverted cone-shaped potential space that extends from the hyoid bone to the base of the skull. Medially, it is bound by the pretracheal fascia, and laterally, by the pterygoid muscles and mandible.[@bib88] Anteriorly, it is bound by the submandibular space, and posteriorly, by the retropharyngeal space.[@bib89] The clinical manifestations of a parapharyngeal abscess are determined by the structures involved around the abscess cavity. An abscess in the posterior component of the space may result in medial displacement of the lateral pharyngeal wall. Extension can result in serious local nerve and life-threatening vascular complications (the internal carotid artery, internal jugular vein, cranial nerves IX, X, XI, and XII, and the sympathetic chain pass posteriorly through the parapharyngeal space).[@bib90] An anterior compartment abscess can cause trismus from irritation of the internal pterygoid muscle. The source of the abscess is often unclear, but it seems likely to result from extension of infection from nearby tissues.

#### PERITONSILLAR ABSCESS {#cesec39}

The peritonsillar space is limited medially by the fibrous wall of the tonsil capsule and laterally by the superior constrictor muscle.[@bib91] Pus may be found in a single pocket or in several pockets. The majority occur following tonsillitis, presumably from local extension of the infection through the tonsillar capsule.[@bib92] The three types of abscess have similar microbiology. The microbiology reflects the flora of the oropharynx and nasopharynx. Most are polymicrobial infections with an average number of five isolates.[@bib88] Anaerobic bacteria can be isolated from most abscesses if appropriate culture techniques are used.[@bib88] The predominant anaerobic organisms are *Prevotella, Porphyromonas, Fusobacterium,* and *Peptostreptococcus* spp.[@bib88] Retropharyngeal abscesses in young children are more likely to have pathogenic aerobic isolates, most frequently, *S. pyogenes, Staphylococcus aureus,* and *Haemophilus* species.[@bib88], [@bib93]

### Retropharyngeal Abscess {#cesec40}

#### CLINICAL FEATURES {#cesec41}

The clinical presentation of a retropharyngeal abscess can be very nonspecific, particularly in younger children. Torticollis is a key clinical sign, particularly in combination with fever and dysphagia.[@bib82], [@bib84], [@bib94] Other clinical manifestations include drooling, airway stridor, dyspnea, tachypnea, stiff neck, and ipsilateral cervical adenopathy. There is sometimes midline or unilateral swelling of the posterior pharynx. Presenting symptoms and signs in infants include neck swelling, fever, dysphagia, and stridor.[@bib82]

#### Diagnosis {#cesec42}

An acute inflammatory response will be demonstrable with measurement of, for example, the peripheral white blood cell count and C-reactive protein, but radiologic investigation is necessary to confirm the diagnosis.[@bib82]

A lateral neck radiograph can yield diagnostic information. To prevent the false appearance of a retropharyngeal mass when none exists, it is important that the neck be in true lateral orientation and in extension and the image be obtained on full inspiration.[@bib95] The lateral neck radiograph may show an increase in the thickness of the soft tissue space anterior to the cervical spine (\>7 mm at the level of the second and \>14 mm at the sixth cervical vertebra)[\*](#fn2){ref-type="fn"} with narrowing of the oropharyngeal aiway[@bib82], [@bib96] ([Fig. 32-2](#f2){ref-type="fig"} ). Other radiographic signs include straightening of the cervical vertebra, reversal of the normal lordotic curve of the cervical spine, and presence of air in the soft tissues.[@bib97] A negative ultrasound examination cannot exclude a retropharyngeal abscess.[@bib82] A computed tomography (CT) scan is the preferred investigation for distinguishing deep neck abscesses from cellulitis of the neck and for defining any extension into adjacent areas.[@bib84] However, even with a CT scan, it is not always possible to differentiate cellulitis from abscess[@bib95], [@bib98], [@bib99] ([Fig. 32-3](#f3){ref-type="fig"} ).Figure 32-2Lateral neck radiograph showing increased thickness of the retropharyngeal space.Figure 32-3Computed tomography scan of a 6-month-old child at the level of mandible demonstrating a retropharyngeal abscess.(From Cheema B, Grant CC, Mahadevan M, Beca J: An infant with a persistent empyema. Acta Paediatr 88:1168-1171, 1999.)© 20082008Since January 2020 Elsevier has created a COVID-19 resource centre with free information in English and Mandarin on the novel coronavirus COVID-19. The COVID-19 resource centre is hosted on Elsevier Connect, the company\'s public news and information website. Elsevier hereby grants permission to make all its COVID-19-related research that is available on the COVID-19 resource centre - including this research content - immediately available in PubMed Central and other publicly funded repositories, such as the WHO COVID database with rights for unrestricted research re-use and analyses in any form or by any means with acknowledgement of the original source. These permissions are granted for free by Elsevier for as long as the COVID-19 resource centre remains active.

Magnetic resonance imaging (MRI) has the potential to provide better definition of any complications such as venous thrombosis and impending carotid artery erosion or rupture.[@bib82], [@bib89]

#### TREATMENT {#cesec43}

Intravenous antibiotics and incision and drainage are the necessary treatments. Intubation and, rarely in severe cases, tracheostomy may be necessary to secure the airway.[@bib82], [@bib89], [@bib92], [@bib101]

Antibiotic choice needs to acknowledge the polymicrobial nature of the infection and the frequent presence of one or more anaerobes. Appropriate first-line choices include amoxicillin--clavulanic acid, clindamycin+cefuroxime, ceftriaxone plus metronidazole, gentamicin, and ampicillin plus sulbactam.[@bib82], [@bib92], [@bib101]

The decision to operate should be based on the clinical course, including response to antimicrobial therapy, rather than just on the CT scan findings.[@bib82] Antimicrobial therapy alone may be sufficient in children without severe systemic toxicity, who have no respiratory difficulties, who are able to swallow their secretions adequately, and in whom airway examination by indirect mirror or direct flexible endoscopy confirms a lack of airway compromise.[@bib90], [@bib99]

If the abscess is medial to the great vessels and confined to the retropharyngeal space, the abscess can be drained intraorally.[@bib89], [@bib102], [@bib103] Large abscesses, particularly those that extend laterally or that involve other spaces in the neck, mayneed external drainage.[@bib92] External drainage in children has the potential to damage important structures such as the great vessels and cranial nerves VII, IX, X, XI, and XII.[@bib82] Successful drainage of uniloculated abscesses using ultrasound and CT to guide either needle aspiration or catheter insertion has been reported.[@bib104], [@bib105]

Abscesses can extend laterally, posteriorly into the posterior mediastinum, and cranially, causing a cerebral abscess or meningitis.[@bib88] Abscesses left untreated can rupture into the pharynx, leading to aspiration. Direct pressure, sudden rupture, or hemorrhage can all result in asphyxia. Death can occur from aspiration, airway obstruction, erosion of a major vessel, extension into the posterior mediastinum, or from dissemination and sepsis.[@bib88]

Other complications include abscess recurrence (1% to 5%), epiglottitis, empyema, pyopneumothorax, pneumomediastinum, and purulent pericarditis.[@bib82], [@bib100]

### Peritonsillar Abscess {#cesec44}

#### CLINICAL FEATURES {#cesec45}

Clinical features include sore throat (occasionally with unilateral pain), malaise, low-grade fever, chills, dysphagia, and reduced oral intake. Trismus can result from irritation and reflex spasm of the internal pterygoid muscle. A muffled voice can result from edema, impairing movement of the palate. There may be signs of toxicity, drooling, and sometimes dehydration. The soft palate and uvula are displaced away from the affected side by swelling. The tonsil is displaced medially, and there is ipsilateral tender cervical adenopathy. Untreated peritonsillar abscess may spontaneously rupture into the mouth or extend into the parapharyngeal space with potentially fatal complications.

#### DIAGNOSIS {#cesec46}

Identification of the organisms from aspirated pus is highly desirable. The peripheral white blood cell count is elevated, with a predominance of neutrophils.

#### TREATMENT {#cesec47}

A combination of broad-spectrum parenteral antibiotic therapy that is active against anaerobes and drainage of the abscess is required.[@bib92] Needle aspiration is also effective definitive therapy.[@bib92], [@bib106] Tonsillectomy can be performed either during the same procedure or after an interval. It is indicated in those presenting with a peritonsillar abscess who have a history of recurrent tonsillitis, who have recurrent peritonsillar abscess, or who have tonsillar hypertrophy causing airway obstruction.[@bib92]

### Parapharyngeal Abscess {#cesec48}

#### CLINICAL FEATURES {#cesec49}

Clinical features include tender cervical swelling, induration and erythema of the side of the neck, sore throat, dysphagia, trismus, hoarseness, malaise, chills, and fever, which may be low grade. In addition to evidence of toxicity, there may be respiratory distress, medial displacement of the lateral pharyngeal wall and inferior tonsil pole, and drooling. Sometimes the presentation is of a high cervical mass palpable in the neck that progresses to fluctuance. Other signs arise if there is further extension or complications. Initially, a parapharyngeal abscess may be difficult to differentiate from a peritonsillar abscess, but the child with the latter is usually less toxic and has obvious palatal fluctuance.

#### DIAGNOSIS {#cesec50}

The peripheral white blood cell count is elevated, with a predominance of neutrophils. Radiographs may be helpful. A submental vertex skull radiograph typically shows pharyngeal fullness on the side of the abscess. An anteroposterior view of the upper airway shows ipsilateral edema and obliteration of the pyriform sinus. As with retropharyngeal abscesses, a CT scan is able to localize the inflammatory process to the parapharyngeal space but cannot always differentiate an abscess from cellulitis.[@bib99], [@bib107]

#### TREATMENT {#cesec51}

The definitive treatment is incision and drainage and intravenous antibiotic therapy. In patients with larger abscesses or an unstable airway, emergency drainage with postoperative airway management, including intubation for several days, is indicated.[@bib107] In the stable child, drainage can be deferred for 24 to 48 hours to determine whether intravenous antibiotics alone are sufficient to treat the infection.[@bib107] Children with abscesses that are limited to this space and who demonstrate clinical improvement with intravenous antibiotics can be managed without drainage.[@bib90] If drainage is required, this can be intraoral rather than external in most, unless the abscess is lateral to the great vessels or involves multiple spaces.[@bib108]

Parapharyngeal abscesses can cause life-threatening complications, including internal carotid artery pseudoaneurysm or rupture, internal jugular vein thrombophlebitis, mediastinitis,and dysfunction of cranial nerves IX to XII ([Box 32-8](#cetextbox8){ref-type="boxed-text"} ).[@bib107], [@bib109], [@bib110], [@bib111] Box 32-8Retropharyngeal, Parapharyngeal, and Peritonsillar Abscesses Teaching Points•Deep neck abscesses are potentially fatal infections that cause significant morbidity.•Multiple abscess types can coexist.•The deep neck potential spaces are in close proximity to vital structures, including the airway, carotid arteries, and many cranial nerves.•Retropharyngeal abscesses are more common in the preschool-age group, and parapharyngeal and peritonsillar abscesses are more common in older children and adolescents.•The three types of abscess have similar microbiology; most are polymicrobial infections.•The clinical presentation of a retropharyngeal abscess can be very nonspecific, particularly in younger children. Torticollis is a key clinical sign, particularly in combination with fever and dysphagia. A lateral neck radiograph can be diagnostic, but care needs to be taken to perform it correctly. Even with a CT scan, it can be difficult to differentiate an abscess from cellulitis.•A peritonsillar abscess usually presents with a sore throat, with systemic signs of infection. Trismus and a muffled voice can be present. The soft palate and tonsil are usually displaced by the abscess.•A parapharyngeal abscess presents with dysphagia, trismus, and hoarseness and tender cervical swelling, which is indurated. It can sometimes be difficult to differentiate clinically from a peritonsillar abscess. A CT scan is required to define the extent of the abscess and the potential for complications.•All abscess types require intravenous antibiotics. Anaerobic cover must be provided.•Drainage is frequently required. The decision to drain and timing of surgical drainage are determined by the clinical course.

OTITIS MEDIA {#cesec52}
------------

Otitis media is a very common condition in childhood. There are three categories of otitis media: *acute otitis media, otitis media with effusion* (secretory otitis media), and *chronic suppurative otitis media*. The widespread use of antibiotics for acute otitis media in the developed world has drastically reduced the previously fairly common suppurative complications of otitis media, but otitis media with effusion has become more common.

### Epidemiology, Risk Factors, and Pathogenesis {#cesec53}

A higher rate of acute otitis media and chronic suppurative otitis media is found in children in developing countries[@bib112] and in indigenous populations in developing countries, including New Zealand Maori,[@bib113] Australian Aborigines, Alaskan Inuit, and North American Indians.

*Acute otitis media* is an acute infection of the middle ear, and most children have at least one episode by the age of 7 years.[@bib114] Acute otitis media is particularly common in the preschool-age child and more common in boys than girls. Exclusive breastfeeding for at least 4 months appears to protect against otitis media in the first 12 months of life.[@bib115] The increased environmental exposure to respiratory tract infections in day care centers increases the risk of acute otitis media.[@bib116] Side-stream smoking increases the risk of otitis media with effusion and recurrent acute otitis media.[@bib117]

Acute otitis media may occur de novo; more commonly, it occurs as a complication of the common cold. It may occur in the context of infection with recognized respiratory viruses such as respiratory syncytial virus, influenza viruses, adenoviruses, parainfluenza viruses, enteroviruses (coxsackievirus, echovirus), rhinoviruses,[@bib118] and even herpes simplex virus type 1 and cytomegalovirus.[@bib119] Viral infection in isolation is a rare cause of otitis media (5%), but up to 20% of cases are combined viral and bacterial infections.[@bib118] The remainder are caused by bacteria alone. Bacterial causes of acute otitis media are listed in [Box 32-9](#cetextbox9){ref-type="boxed-text"} .Box 32-9Bacterial Causes of Acute Otitis Media and Bacteria Found in Otitis Media With EffusionCommon Causes50% *Streptococcus pneumoniae* serotypes 1, 3, 4, 6, 7, 9, 14, 15, 18, 19, and 2325% Nontypable *Haemophilus influenzae* and *H. influenzae* type b25% *Moraxella catarrhalis*Rare Causes*Mycoplasma pneumoniaeChlamydia trachomatisChlamydia pneumoniae*Enteric bacteria*Staphylococcus aureusStaphylococcus epidermidisStreptococcus pyogenesPseudomonas aeruginosa*

Two or more organisms are found in about 7% of cases. A different organism may be found in each ear in about 20% of children with bilateral otitis media. In neonates, there may be a higher incidence of *S. aureus* and gram-negative bacilli than in older children.[@bib120]

The organisms isolated from acute otitis media with tympanostomy tubes are different in prevalence from acute otitis media with an intact tympanic membrane, being mainly *Streptococcus pneumoniae, S. aureus, Haemophilus influenzae, Pseudomonas aeruginosa, Moraxella catarrhalis,* anaerobes, and fungi.[@bib121], [@bib122], [@bib123]

Acute otitis media occurs when viral infection causes respiratory epithelial injury in the nasopharynx, which iscolonized with pathogenic bacteria, leading to hyperemia and edema of the eustachian tubes with consequent obstruction. Bacteria may arise in the middle ear by positive or negative forces through the eustachian tube or occasionally through the bloodstream or by direct spread through a damaged tympanic membrane. The inflammation of the tympanic membrane and infected inflammatory exudate in the middle ear are caused primarily by bacteria, polymorphonuclear leukocytes, and edema. The eustachian tubes are believed to play a part in the pathophysiology of this process. The eustachian tubes in a young child are shorter, wider, straighter, and more horizontal and patulous than in the older child, allowing more ready access of organisms to the middle ear.

*Otitis media with effusion* is the presence of fluid in the middle ear without signs or symptoms of acute ear infection. It can result from prolonged negative pressure in the middle ear after viral infection, and stimulation of inflammatory mediators can promote fluid leakage from the mucous membrane. Persistent middle ear fluid results in decreased mobility of the tympanic membrane and serves as a barrier to sound transmission.[@bib112] Recurrence of bilateral otitis media with effusion after tympanostomy tube placement was more likely in children with a combination of low IgA or IgG2 levels with poor eustachian tube functioning and decreased levels of mannose-binding lectin.[@bib124] However, eustachian tube functioning is not predictive of risk of recurrence of otitis media with effusion.[@bib125] Eustachian opening and closing functions are dynamic and highly variable in ears with otitis media with effusion.[@bib126]

*Chronic suppurative otitis media* is a stage of ear disease in which there is ongoing chronic infection of the middle ear without an intact tympanic membrane (presence of a perforation or tympanostomy tube).[@bib112] It is one of the most common infectious diseases of childhood and is most common in developing countries, in certain high-risk groups in developed nations, and among children who have had tympanostomy tubes inserted.[@bib112] Risk factors that have been attributed to the high rates of chronic suppurative otitis media are lack of breastfeeding, overcrowding, poor hygiene, poor nutrition, passive smoking, high rates of nasopharyngeal colonization with potentially pathogenic bacteria, and inadequate health care.[@bib112] Bacteria isolated in chronic suppurative otitis media are listed in [Box 32-10](#cetextbox10){ref-type="boxed-text"} .Box 32-10Bacterial Isolates in Chronic Suppurative Otitis MediaEnteric gram-negative bacilliMixed aerobic and anaerobic bacteria*Mycobacterium tuberculosisPseudomonas aeruginosaStaphylococcus aureus*

### Clinical Features {#cesec54}

Acute otitis media typically presents with generalized symptoms of malaise, earache, and often fever. An older child complains of muffled hearing, a sense of fullness, and discomfort of the ear. In a younger child, there are more likely to be systemic signs such as high fever, nausea, vomiting, loss of appetite, malaise, generalized muscle pain, nasal congestion, flushed face, and, occasionally, diarrhea and restlessness. The pain may be severe and accentuated by swallowing, and occasionally there may be throbbing tinnitus. The fever, pain, deafness, and tinnitus may worsen, and there may be tenderness over the mastoids, but there is immediate relief of pain and systemic symptoms if the drum ruptures and the pus drains.

The clinical suspicion of otitis media is confirmed by appropriate otoscopic examination. Typical signs of acute otitis media are retraction, diminished light reflex, and poor mobility of the drum. The light reflex may completely disappear, and the drum becomes opaque. There is injection of vessels around the margin of the tympanic membrane and adjoining external auditory canal skin. The tympanic membrane moves but less freely with insufflation, and such movement is painful. The drum becomes red, and the pars tensa becomes thick and convex and bulges, with loss of landmarks. In young children, there may be swelling of the posterosuperior aspect of the adjacent external auditory canal skin. As the condition progresses, the drum becomes convex, tense, and whitish, and it bulges, with no mobility and hyperemic vessels on the periphery. There may be yellowish necrotic areas. The drum may rupture in the pars tensa, causing a gush of purulent material, blood, or serosanguineous fluid. Drainage usually stops after 1 to 2 days and the perforation becomes dry. The perforation is generally small and does not enlarge, and after the infection subsides, it usually heals completely ([Fig. 32-4](#f4){ref-type="fig"} ).Figure 32-4**A,** Visual assessment of middle ear status: normal and bulging. **B,** Visual assessment of tympanic membrane: normal, acute otitis media, otitis media with effusion.(From Pelton SI: Otoscopy for the diagnosis of otitis media. Pediatr Infect Dis J 17:540-543; discussion 580, 1998.)© 20082008Since January 2020 Elsevier has created a COVID-19 resource centre with free information in English and Mandarin on the novel coronavirus COVID-19. The COVID-19 resource centre is hosted on Elsevier Connect, the company\'s public news and information website. Elsevier hereby grants permission to make all its COVID-19-related research that is available on the COVID-19 resource centre - including this research content - immediately available in PubMed Central and other publicly funded repositories, such as the WHO COVID database with rights for unrestricted research re-use and analyses in any form or by any means with acknowledgement of the original source. These permissions are granted for free by Elsevier for as long as the COVID-19 resource centre remains active.

Although viral infection may be associated with otitis media, there is no clinical way of distinguishing between viral and bacterial otitis media. If purulent conjunctivitis is also present, acute otitis media is most likely due to nontypable *H. influenzae,* and these clinical signs in combination should influence antibiotic choice. *M. pneumoniae* is a more likely cause if pneumonia is present.

Otitis media with effusion causes fluctuating hearing loss, which may have an adverse effect on speech, language, and cognitive development, although there seems to be a catch-up to normal by age 7 years. The clinical suspicion is confirmed by persistence of middle ear effusion without signs of inflammation. Cases may occur with infection, tubal obstruction, allergic or immunologic disorders, enlarged adenoids, or, rarely, nasopharyngeal tumors.

In chronic suppurative otitis media, the cardinal feature is chronic otorrhea, which is often smelly. Hearing loss occurs in 96% and is more severe than in otitis media with effusion.[@bib112]

### Diagnosis {#cesec55}

When acute otitis media has classic symptoms and signs, making the diagnosis from clinical features is not difficult. However, uncommonly, acute otitis media may have no localizing symptoms or less impressive signs of inflammation. Sometimes, the tympanic membrane is difficult to visualize. In this situation, the clinical distinction between acute otitismedia and otitis media with effusion is difficult. The critical distinguishing factors are signs of acute inflammation versus otoscopic evidence of middle ear effusion. If otoscopic examination cannot be satisfactorily completed, tympanometry is indicated.

A strong light source and adequate magnification are necessary. Where possible, debris in the canal is removed. The mobility of the drum should be tested, by occluding the external canal completely with a large ear speculum and using pneumatic otoscopy, permitting the application of positive and negative pressure. Visualization of the tympanic membrane and assessment of mobility are the standard for the diagnosis of otitis media.[@bib127]

There is a poor correlation between qualitative and semiquantitative cultures of the nose and throat and those of the middle ear. Tympanocentesis is the only reliable way of detecting middle ear pathogens, but it is primarily a research tool and is seldom done in clinical practice.

Tympanometry gives an objective, reproducible measure of middle ear function. It is particularly useful in situations in which otoscopy is difficult or unreliable. In the infant under 6 months of age, it can be unreliable because of collapsing ear canals. Normative values have been established for 7- to 24-month-old children.[@bib128] The findings of whether there are signs of acute inflammation are of a type B (flat) tympanogram or C2 (peak at less than -200 mm H~2~O). Tympanometry is at least as sensitive in detecting middle ear fluid as pneumatic otoscopy[@bib129] ([Fig. 32-5](#f5){ref-type="fig"} ).Figure 32-5Tympanogram: classification system for low-frequency tympanograms. Based on Jerger (1970).(From Harris PK, Hutchinson KM, Moravec J: The use of tympanometry and pneumatic otoscopy for predicting middle ear disease. Am J Audiol 14:3-13, 2005.)© 20082008Since January 2020 Elsevier has created a COVID-19 resource centre with free information in English and Mandarin on the novel coronavirus COVID-19. The COVID-19 resource centre is hosted on Elsevier Connect, the company\'s public news and information website. Elsevier hereby grants permission to make all its COVID-19-related research that is available on the COVID-19 resource centre - including this research content - immediately available in PubMed Central and other publicly funded repositories, such as the WHO COVID database with rights for unrestricted research re-use and analyses in any form or by any means with acknowledgement of the original source. These permissions are granted for free by Elsevier for as long as the COVID-19 resource centre remains active.

Clinicians should document the laterality, duration of effusion, and presence and severity of associated symptoms in the child with otitis media with effusion at each assessment.[@bib130] Children with otitis media with effusion who are at risk for speech, language, or learning problems need to be distinguished from all other children with otitis media with effusion. Those at risk include children with permanent hearing loss independent of otitis media with effusion, suspected or diagnosed speech and language delay or disorder, autism-spectrum disorder, syndromes such as Down syndrome that include cognitive, speech, and language delays, uncorrectable visual impairment, cleft palate with or without associated syndrome, and developmental delay.[@bib130] In such children intervention may be required more promptly. In healthy children not at risk, watchful waiting for 3 months from the date of effusion onset (if known) or diagnosis (if onset is unknown) is recommended.[@bib130]

The symptoms of acute otitis media need to be distinguished from those of acute systemic illness. The specific diagnosis can usually be made by noting the general symptoms and performing an adequate and complete inspection of the tympanic membrane. There can be difficulties when the external canal or debris within it does not allow adequate visualization.

Ear pulling in the absence of other symptoms is not related to ear infection.[@bib131] Hyperemia of the tympanic membrane can occur with crying, trauma to the external auditory canal, or mild upper respiratory tract infections. These situations can be distinguished from acute otitis media because other abnormal features of the drum, in particular reduced mobility, would be lacking in them. Acute bullous myringitis can occur with acute otitis media. It causes more severe symptoms with blisters on the tympanic membrane, but it has a good clinical outcome.[@bib132] Otalgia may be caused by referred pain from infections in the adenoids, tonsils, teeth, nasopharynx, hypopharynx, or larynx through the tenth cranial nerve. Tumors of the palate, nasopharynx, or base of the skull eventually occlude one or both eustachian tubes.

### Treatment {#cesec56}

The goals of treatment are to shorten the duration of symptoms ofacute otitis media, to prevent complications, to prevent progression to chronic suppurative otitis media, and to prevent long-term hearing loss.

#### ACUTE OTITIS MEDIA {#cesec57}

The management of acute otitis media varies within the Western world,[@bib133] but the development of evidence-based guidelines may lead to a more standardized approach. In the past decade, several randomized controlled trials and meta-analyses have advanced knowledge about treatment strategies for this condition and otitis media with effusion.

All randomized clinical trials of antibiotic use for acute otitis media are from developed countries. They have shown that about 15 children needed to be treated to prevent one child from having pain on days 2 to 7 (no benefit on day 1). The effect on hearing is inconclusive.[@bib134] Antibiotic use in groups where mastoiditis is common may reduce the risk of its development.[@bib135]

Patients with acute otitis media are treated as outpatients if there is no systemic infection, unless there is frequent vomiting requiring hospital care. Children should be allowed to rest until the fever has resolved for 24 hours. Pain relief with acetaminophen is indicated. The complications of bacterial otitis media can be so serious that every child with acute inflammation should be seriously considered for antibiotics. The only indication for withholding antibiotics is a situation in which there is redness and no other sign of inflammation and the child can be reliably monitored every 1 to 2 days by otoscopy, with the parent bringing the child between visits if the condition deteriorates. The indications for antibiotics are absolute in children under the age of 6 months, regardless of symptoms, and in children of any age who have severe symptoms such as fever or vomiting. Observation with monitoring is allowable for nonsevere illness.

The choice of antibiotics for acute otitis media is determined by the known likely pathogens and local sensitivity patterns. Other factors influencing choice of therapy include the age of the patient, likelihood of compliance with the dosing frequencies, hypersensitivity to antibiotics, the cost of the antibiotics, and the patient\'s previous experience with the medication.[@bib136] As illustrated in [Figure 32-6](#f6){ref-type="fig"} , amoxicillin, 80 mg/kg/day in three divided doses, is the usual first choice of treatment.[@bib137] If the patient is allergic to penicillin, trimethoprim-sulfamethoxazole is the usual alternative (8 mg of trimethoprim and 40 mg of sulfamethoxazole per kilogram per day in two doses). If the child has had no symptomatic response within 3 days, a change of an antibiotic is indicated. Alternatives are amoxicillin-clavulanate potassium, 40 mg/kg/day in three doses; cefixime, 8 mg/kg/day in one or two doses[@bib138]; and erythromycin-sulfisoxazole, 50 mg/kg/day in four doses. Cefaclor (40 mg/kg/day in two or three doses) is less efficacious. If the child is vomiting, a single intramuscular dose of ceftriaxone, 50 mg/kg/day, is as effective as 10 days of oral amoxicillin.[@bib139] All these antibiotic regimens seem to have comparable efficacy in resolving the clinical features of acute otitis media. Paradoxically, there can be a good clinical response to amoxicillin despite the presence of middle ear pathogens that produce β-lactamase. In acute otitis media in the neonate, special vigilance is required because infection may progress. If there is accompanying systemic infection, hospital admission with parenteral therapy covering *S. aureus* and gram-negative bacilli is indicated.Figure 32-6Antibiotics for acute otitis media.

When antibiotics are given early, the length of the symptomatic period may be reduced, and the infection is usually arrested before the drum ruptures. Immediate antibiotic treatment brings more rapid relief of pain and malaise compared with delaying the onset of treatment by 48 hours.[@bib140] Early eradication of pathogens from middle ear fluid during antibiotic treatment of acute otitis media is associated with improved clinical outcome.[@bib141] However, improved clinical outcome does not necessarily predict bacteriologic outcome. Bacteriologic failure occurs most often in children under 18 months of age.[@bib142] Incomplete eradication could be one reason that otitis media with effusion may develop.

There is no consistent evidence from randomized, controlled trials that nasal decongestants, mucolytic agents, or antihistamines help prevent or treat any form of otitis media.[@bib143] Intranasal steroids given to children with viral upper respiratory infections do not provide symptomatic relief or decrease episodes of acute otitis media and may even increase this undesired outcome.[@bib144]

Myringotomy is indicated when there is severe, persistent pain and failure to respond to initial antibiotic therapy or when there is a complication of otitis media with an intact drum or persistent conductive hearing loss. In clinical practice, myringotomy is seldom performed despite these indications.

The role of adenoidectomy and adenotonsillectomy in reducing recurrence of acute otitis media is not established. Coyte and colleagues[@bib145] found that among children over 2 years old, adenoidectomy and adenotonsillectomy at the time of insertion of tympanostomy tubes reduced the likelihood of additional hospitalizations and operations related to otitis media. However, Hammaren-Malmi and colleagues[@bib146] found in children 1 to 4 years of age that adenoidectomy did not reduce the incidence of acute otitis media in children who have recurrent acute otitis media, or otitis media with effusion with tympanostomy tubes. Paradise and colleagues[@bib147] found that in children with recurrent acute otitis media with or without otitis media with effusion, that adenoidectomy and adenotonsillectomy showed limited short-term benefit but did not recommend it as a first intervention because of adverse events and cost.

Following interventions by an otolaryngologist, there was a significant disease-specific improvement in quality of life, physical suffering, emotional distress, and caregiver concerns, regardless of the treatment given.[@bib148], [@bib149]

Adjuvant treatment with prednisone 2 mg/kg/day versus placebo for 3 days has been shown in a randomized controlled trial to reduce the duration of otorrhea from 3 days to 1 day in children also treated with amoxicillin/clavulanate who have acute otitis media with tympanostomy tubes.[@bib150]

Myringotomy with insertion of tympanostomy tubes is indicated for persistent otitis media with effusion with hearing loss, taking into account that in an otherwise healthy child 50% of cases resolve spontaneously. The timing of tympanostomy tube insertion depends on the clinical risk of the child ([Fig. 32-7](#f7){ref-type="fig"} ). Tympanostomy tube insertion has become very common and is the main reason a child in the United States receives a general anesthetic. Waiting for spontaneous resolution in otherwise healthy children may reduce the number of children receiving this operation. If otitis media with effusion has been present for 9 to 12 months with decreased hearing, tympanostomy tubes are indicated. This can result in improvement in hearing (average, 12 decibels \[dB\]) in the short term, but there is no evidence that there is a beneficial effect on development or behavior. At the time of insertion of tympanostomy tubes, the clinician should conduct a preoperative assessment, including a developmental assessment, history of hearing difficulty or speech or learning problems, documentation of actual hearing impairment, and pneumatic otoscopy and tympanometry.Figure 32-7Management of otitis media with effusion (OME).

Anesthetic complications of bilateral tympanostomy tube placement in a tertiary care children\'s hospital are infrequent, and all can be successfully treated. A minor adverse event occurred in 9% (agitation or prolonged recovery) and a major event occurred in 1.9% (upper airway obstruction or laryngospasm), most commonly in a child with an acute or a chronic illness.[@bib151]

In otherwise healthy children younger than 3 years of age who have persistent otitis media with effusion, prompt insertion of tympanostomy tubes does not improve developmental outcomes at 3 and 6 years of age.[@bib152], [@bib153]

Sequelae of tympanostomy tubes are common but are generally transient (otorrhea) or cosmetic (tympanoslerosis or focal atrophy). Nonetheless, the high incidence suggests the need for ongoing surveillance of all patients with indwelling tubes and for a reasonable time period after tube extrusions. Long-term tubes should be used rarely for unusually severe cases.[@bib154] Acute otitis media with tympanostomy tubes responds better to topical antibiotics than oral antibiotics[@bib155], [@bib156] ([Box 32-11](#cetextbox11){ref-type="boxed-text"} ).Box 32-11Tympanostomy TubesThis is the most common operation in childhood in developed countries.Complications includeAnesthetic risksPurulent dischargeGranulation tissueChronic perforationRetraction pocketsAtrophic scarsTympanosclerosis

Eustachian tube inflation by mechanical means, using nasal balloons (Otovent), appears to be associated with short-term improvement in otoscopic findings in 3- to 10-year-old children compared with findings in controls.[@bib157] Its place in the treatment of otitis media with effusion has yet to be established.

The components of treatment of chronic suppurative otitis media include aural toilet, topical antibiotics, and closure of prolonged tympanic perforation. There are few randomized controlled trials for this condition. Treatment of chronic suppurative otitis media with aural toilet and topical antibiotics, particularly quinolones, is effective in resolving otorrhea and eradicating bacteria from the middle ear.[@bib158] Aural toilet is ideally performed using the microscope and microinstruments to mechanically remove debris. Topical quinolone antibiotics can clear aural discharge better than no drug treatment or topical antiseptics. Studies are inconclusive regarding any differences between quinolone and nonquinolone antibiotics.[@bib159] Topical antibiotics are more effective than oral antibiotics, probably because a higher local concentration of antibiotic is achieved.

### Clinical Course and Prognosis {#cesec58}

Chronic perforation without otorrhea can occur as a complication of acute otitis media or after tympanostomy extrusion.[@bib112]

Eighty percent of children with acute otitis media settle spontaneously in 7 days.[@bib135] Intracranial or intratemporal complications can occur with acute otitis media. Antibiotic therapy is indicated to prevent these serious bacterial complications. Extension of inflammation and infection beyond the mucoperiosteal lining of the middle ear may result in mastoiditis or meningitis (especially with *H. influenzae*). The symptoms and signs of acute mastoiditis may be subtle, especially if they are partially treated by antibiotics or if the tympanic membrane is ruptured. The recurrence of pain and the presence of copious purulent discharge associated with low-grade fever suggest mastoiditis. Usually, there is tenderness over the mastoid process, and there may be edema of the mastoid periosteum, sometimes with postauricular pitting. In the external auditory canal, there is a sagging bulge in the posterior superior wall.

After acute otitis media, up to 20% of cases progress to otitis media with effusion. Some 50% of such patients recover after 3 months, but in about 5% the condition persists after 12 months. A large number of cases are transient, with episodes varying in duration and severity. Sometimes, there is recurrence of otitis media with effusion when acute otitis media does not recur.

In children with tympanostomy tubes for otitis media with effusion, 50% to 83% have episodes of otorrhea,[@bib123] mostly nonsevere and self-limited, reflecting secondary inflammation of the eustachian tube and middle ear during viral upper respiratory infection.[@bib154] These simple cases of otorrhea are inevitable and cannot be prevented by water precautions, prophylactic drops, or changes in surgical technique. Management with ototopical antibiotic drops such as ofloxacin alone is sufficient to treat purulent otorrhea.[@bib155]

The hearing level at 14 years of age of healed ears after tympanostomy tubes is normal. In ears showing abnormalities (perforation, pars tensa retraction, otitis media with effusion) 25% have varying degrees of hearing loss.[@bib160]

### Prevention {#cesec59}

The advent of pneumococcal vaccines has led to investigation of their role in the prevention of acute otitis media where 50% of bacterial causes are due to *S. pneumoniae.* A small benefit has been shown for pneumococcal polysaccharide vaccine in children over 2 years of age who have had previous episodes of acute otitis media.[@bib161] There was also a small reduction in risk of recurrent disease with pneumococcal conjugate vaccine. An 11-valent pneumococcal vaccine conjugated with *H. influenzae--*derived protein D, given at 3, 4, 5, and 12 to 15 months of age, has been shown to have an efficacy of 34% against first episodes of otitis media in the first 2 years of life (95% confidence interval, 21% to 44%).[@bib162]

Efforts to prevent chronic suppurative otitis media should be directed toward improvement in health care and living conditions in all populations that have a high prevalence of chronic suppurative otitis media, encouragement of breastfeeding, and reduction of cigarette smoking exposure.[@bib112]

### Pitfalls and Controversies {#cesec60}

In neonates, otitis media may be overdiagnosed. The tympanic membrane often appears thickened and opaque duringthe first few weeks of life and lies in an extremely oblique position, making it difficult to distinguish it from the canal wall. The ear canal is particularly compliant, with positive pressure simulating the movement of the tympanic membrane.

There is frequently a gap in training in pneumatic otoscopy for most clinicians due to the lack of easy-to-use dual-headed equipment to enable training and evaluation of medical personnel. These skills can be learnt and result in high sensitivity and specificity.[@bib127]

The method of use of antibiotics for acute otitis media and tympanostomy tubes for otitis media with effusion used to be highly controversial. However, many well-conducted randomized controlled trials and evidence-based Cochrane reviews have clarified most of the contentious issues. The challenge is to disseminate this knowledge to achieve evidence-based practice ([Box 32-12](#cetextbox12){ref-type="boxed-text"} ).Box 32-12Otitis Media Teaching Points•In acute otitis media, there is acute inflammation with 5% viral only, 75% bacterial only, and 20% both bacterial and viral. The most common organism is *Streptococcus pneumoniae,* and the first-line antibiotic is amoxicillin.•In otitis media with effusion, there is middle ear effusion, and up to 20% of cases of acute otitis media progress to otitis media with effusion.•In chronic suppurative otitis media including perforation, there is otorrhea and deafness. This is an important public health problem.

ADENOIDECTOMY AND TONSILLECTOMY {#cesec61}
-------------------------------

Elective surgical removal of the tonsils and adenoids was once widely performed, usually with the hope of reducing the frequency of recurrent sore throats, but the rate for this surgery has fallen over the past three decades. However, it remains the most common major operation in children in the United States, although the scientific basis of this practice is not well established.[@bib163] Children aged 3 to 8 years normally have up to nine respiratory tract infections a year. Prospective objective monitoring of symptoms demonstrates lower rates than frequency of symptoms recalled. In severely affected children with frequent, well-documented episodes of sore throat,[@bib164] tonsillectomy reduces the occurrence of throat infection.[@bib164] In children moderately affected with recurrent throat infection, however, the modest benefit conferred by tonsillectomy or adenotonsillectomy does not justify the inherent risks, morbidity, and cost of the operations.[@bib165] Adenotonsillectomy was no more efficacious than tonsillectomy alone.[@bib165]

The most important indication for adenotonsillectomy is obstructive sleep apnea, which can be serious and even life threatening. Removal of both tonsils and adenoids is usually of marked clinical benefit.[@bib166], [@bib167] Tonsillar or adenoidal size is not always a reliable indicator of the potential benefit of tonsillar removal.

Adenoidectomy has been used in children with otitis media, in an attempt to reduce recurrence of acute otitis media and persistence or recurrence of otitis media with effusion, but the indications remain unclear. Although adenoidectomy and bilateral myringotomy (without tympanostomy tubes) were beneficial in children 4 to 8 years old who were severely affected by otitis media with effusion,[@bib168] adenoidectomy did not reduce the occurrence of acute otitis media in children who have recurrent acute otitis media, or otitis media with effusion with tympanostomy tubes.[@bib146] Among children over 2 years old, adenoidectomy and adenotonsillectomy at the time of insertion of tympanostomy tubes for otitis media with effusion reduced the likelihood of additional hospitalizations and operations related to otitis media.[@bib145] In a further study of children with recurrent acute otitis media, with or without otitis media with effusion, adenoidectomy and adenotonsillectomy showed limited short-term benefit and could not be recommended as a first intervention because of adverse events and cost[@bib147] ([Box 32-13](#cetextbox13){ref-type="boxed-text"} ).Box 32-13Adenoidectomy and Tonsillectomy Teaching Points•The main indication for adenoidectomy and tonsillectomy is obstructive sleep apnea.•Adenoidectomy and adenotonsillectomy are not recommended for prevention of recurrent otitis media.•Tonsillectomy may be beneficial in children with recurrent severe tonsillitis.

SINUSITIS {#cesec62}
---------

Sinusitis is a bacterial infection of the paranasal sinuses that uncommonly complicates the common cold. The use of antibiotics dramatically reduces the occurrence of complications of sinusitis.

### Epidemiology, Risk Factors, and Pathogenesis {#cesec63}

In children, sinusitis almost always occurs as a complication of the common cold in developmentally aerated sinuses. It is more common in boys than in girls. The viral infection inflames the mucosa and causes damage to nasal ciliated epithelial cells, encouraging infection with bacteria colonizing the upper respiratory tract. Infection can occur in any of the paranasal sinuses as they develop ([Box 32-14](#cetextbox14){ref-type="boxed-text"} ). Although the full development of the frontal sinuses may take 20 years, sinusitis can occur at any age.Box 32-14Development of SinusesBirth: ethmoid sinuses aerated but smallBirth: maxillary sinuses aerated but small1 to 2 years: sphenoidal sinus aerated5 to 7 years: frontal sinuses aeratedDevelopmentally poorly aerated sinuses appear radiologically opaque

The four-paired paranasal sinuses communicate with the anterior nose, with which they form a system of narrow channels. The mucosa of the sinuses, like that of the nose, is a continuous ciliated columnar epithelium with goblet cells and is covered in part by a mucous blanket. A continual flow of mucus from the frontal, maxillary, and anterior ethmoid sinuses is propelled toward the ostia and then posteriorly to the nasopharynx. The mucus contains IgA, IgG, IgM, and lysozyme, and the paranasal sinuses are usually sterile. Damage to mucociliary function allows the inoculation oflarge numbers of pathogens into the sinuses, which causes infection. Once started, sinus infection is aggravated by further inflammation of the ostia of the sinuses, resulting in progressive obstruction. Irritants, such as swimming underwater and drying of the mucosa during winter in cold climates, can set the stage for sinus infection. Host factors predisposing to sinusitis are listed in [Box 32-15](#cetextbox15){ref-type="boxed-text"} .Box 32-15Host Factors in SinusitisCommon coldRespiratory allergiesDefects of ciliary functionCystic fibrosisImmunodeficiencyAnatomic abnormalitiesGastroesophageal reflux

The organisms causing sinusitis are listed in [Box 32-16](#cetextbox16){ref-type="boxed-text"} . The most common causes are *S. pneumoniae, H. influenzae,* and *M. catarrhalis.* These organisms, along with *S. aureus* and *S. pyogenes,* account for over 90% of cases of sinusitis in children. In adolescents, penicillin-sensitive anaerobes become more common. There may be a vast array of enteric gram-negative and other bacilli recovered, mostly from those who have had antibiotic therapy before culture.[@bib169], [@bib170] Box 32-16Organisms Causing SinusitisMost Common*Haemophilus influenzaeMoraxella catarrhalisStreptococcus pneumoniae*Less Common*Acinetobacter* spp.*Alcaligenes* spp.*Citrobacter* spp.Diphtheroids*Eikenella corrodens*Enterococci*Escherichia coliHaemophilus* spp.*Klebsiella pneumoniaeNeisseria* spp.*Proteus* spp.*Pseudomonas aeruginosa*Rare*Serratia* spp.*Staphylococcus aureusStaphylococcus epidermidisStreptococcus pyogenes*αHemolytic and nonhemolytic streptococciAnaerobic Bacteria*Bacteroides* spp.*Bifidobacterium* spp.*Fusobacterium* spp.*Peptococcus* spp.*Peptostreptococcus* spp.*Propionibacterium* spp.*Veillonella* spp.Other organismsl-formsMixed: aerobes and anaerobesMixed: *Haemophilus influenzae* with other organisms*Mycoplasma pneumoniae*Other (rhinovirus, adenovirus, *Aspergillus* spp., other fungi)Fungi*Aspergillus* spp.*Bipolaris* spp.*Curvularia lunataDrechslera spicifera*Zygomycetes

### Clinical Features {#cesec64}

Acute sinusitis is heralded by failure of common cold symptoms to resolve after 10 days.[@bib170], [@bib171] Older children have more specific complaints than younger children. Sometimes, the sinusitis can be more acute with severe initial symptoms: fever greater than 39° C and purulent nasal discharge. Acute sinusitis involves symptoms persisting from 10 to 30 days, and after this time, it is usually categorized as chronic. However, an international consensus panel has suggested that the term *rhinosinusitis* be used instead of *sinusitis* because of the coexistence of rhinitis and that the term *chronic* be reserved for those with symptoms persisting beyond 12 weeks.[@bib172]

The main symptom is rhinorrhea (80%), which is frequently purulent but can be serous or watery. In a minority of patients, there is fever, cough (especially at night), pain, headache, sore throat, periorbital swelling, vomiting, and, occasionally, malodorous breath. Sinus tenderness is uncommon in children. Posterior pharyngeal pus is not usually seen in acute sinusitis and is very uncommon in chronic sinusitis. Periorbital swelling is usually a sign of acute ethmoid sinusitis. Acute sinusitis is more frequently unilateral, and chronic sinusitis is usually bilateral. In chronic sinusitis, the symptoms may be minimal: vague unwellness with some persistent signs of upper respiratory tract infection.

### Diagnosis {#cesec65}

The diagnosis is usually made on clinical grounds alone. In acute sinusitis, clinicians seldom undertake investigations. If investigations are undertaken, nasal culture reveals the organism in the majority of cases, but it should be obtained with careful technique. A vasoconstrictor such as phenylephrine hydrochloride 0.25% should be applied to the anterior nose, and bilateral cultures should be obtained under direct vision using a wire cotton swab touching material as it comes from the sinus ostium. In children who have neurologic complications or in whom treatment fails, antral puncture for aerobic and anaerobic culture can identify the organism.

In acute sinusitis, the number of band neutrophils may be increased. Some cases of sinusitis have an elevated erythrocyte sedimentation rate.

The differential diagnosis includes chronic nasal allergy, foreign bodies in the nose, cysts in the maxillary antra, nasal structural defects, palatal defects, dental infections, and infection of the adenoids.

Sinus radiographs are not sensitive or specific in diagnosing sinusitis.[@bib173] CT scans are more sensitive than radiographs in chronic sinusitis but have low specificity. CT scans are indicated when there are complications or surgery is contemplated.[@bib172], [@bib174], [@bib175] Ultrasonography is of doubtful value unless there is one normal air-filled maxillary sinus for comparison.

In chronic sinusitis poorly responsive to treatment, clinicians should consider investigation for underlying abnormalities of host defense.

### Treatment {#cesec66}

The goals of treatment are to reduce symptoms rapidly and to reduce the possibility of persistence of symptoms. Antibiotics should not be started if symptoms are improving.[@bib176] Analgesics such as acetaminophen may be useful for controlling headache, pain, or fever. The primary treatment is antibiotics. Amoxicillin, 40 mg/kg/day in three doses, is adequate for the majority of *S. pneumoniae, H. influenzae,* and *M. catarrhalis* infections. A brisk response to treatment is expected in 3 to 4 days, in which case a 10-day course of treatment is satisfactory.[@bib177], [@bib178] The benefits are modest: eight children must be treated to achieve one additional cure.[@bib177] In communities with β-lactamase--producing *H. influenzae* and *M. catarrhalis,* the following antibiotics should be considered: amoxicillin--clavulanate potassium (40 mg/kg/day in three doses), trimethoprim-sulfamethoxazole (8 mg of trimethoprim and 40 mg of sulfamethoxazole per kilogram per day in two or three doses), and cefaclor (40 mg/kg/day in three doses).

Vasoconstrictive drugs are often used locally or systemically in an attempt to relieve obstruction at the sinus ostia to help establish drainage, but there is no evidence supporting their effectiveness.[@bib178] Because topical medications can cause rebound vasodilation, these medications should be used only when there is considerable pain and then for no longer than 3 days.

Saline irrigation may have a role in the management of symptoms of chronic sinusitis,[@bib179] but further studies are required.

### Clinical Course and Prognosis {#cesec67}

The outlook of sinusitis in otherwise healthy children receiving adequate treatment is excellent. Untreated sinusitis can progress to orbital infection, meningitis, osteomyelitis, cavernous sinus thrombosis, and abscesses of the epidura, subdura, or brain.[@bib180]

If the sinusitis is recurrent, fails to improve, or has more serious clinical features with high fever or periorbital swelling, consider amoxicillin--clavulanate potassium (40 mg/kg/day in three doses), trimethoprim-sulfamethoxazole (8 mg of trimethoprim and 40 mg of sulfamethoxazole per kilogram per day in two or three doses), and cefaclor (40 mg/kg/day in three doses).

If there are bacterial complications of sinusitis, the child should be hospitalized and given parenteral antibiotics. Initially, intravenous cefuroxime (100 mg/kg/day in three divided doses) is recommended; however, if *S. aureus* is a major concern, oxacillin or nafcillin should be added. Therapy should be adjusted on the basis of response to treatment and the results from culture.

Surgical drainage is rarely necessary in children. Fiberoptic endoscopic sinus surgery has replaced more invasive approaches. It is indicated only if there is lack of response to maximal medical therapy and continuing symptoms or in specific situations ([Box 32-17](#cetextbox17){ref-type="boxed-text"} ). Optimal medical management, including 2 to 6 weeks of adequate antibiotics (intravenous or oral) and treatment of concomitant diseases, is indicated for uncomplicated sinusitis before medical treatment is regarded as failed, and surgery is recommended.Box 32-17Indications for SurgeryComplete nasal obstruction in cystic fibrosis due to massive polyposis or closure of the nose by medialization of the lateral nasal wallAntrochoanal polypIntracranial complicationsMucoceles and mucopyocelesFungal sinusitisDacryocystorhinitis due to sinusitis and resistant to appropriate medical treatmentChronic rhinosinusitis that persists despite optimal medical management and after exclusion of any systemic disease; endoscopic sinus surgery is a reasonable alternative to continuous medical treatment© 20082008Since January 2020 Elsevier has created a COVID-19 resource centre with free information in English and Mandarin on the novel coronavirus COVID-19. The COVID-19 resource centre is hosted on Elsevier Connect, the company\'s public news and information website. Elsevier hereby grants permission to make all its COVID-19-related research that is available on the COVID-19 resource centre - including this research content - immediately available in PubMed Central and other publicly funded repositories, such as the WHO COVID database with rights for unrestricted research re-use and analyses in any form or by any means with acknowledgement of the original source. These permissions are granted for free by Elsevier for as long as the COVID-19 resource centre remains active.From Clement PA, Bluestone CD, Gordts F, et al: Management of rhinosinusitis in children: Consensus meeting, Brussels, Belgium, September 13, 1996. Arch Otolaryngol Head Neck Surg 124:31-34, 1998.

### Pitfalls and Controversies {#cesec68}

The relationship between sinus disease and lower respiratory tract infections and asthma has caused debate because of the lack of controlled studies. Nevertheless, treating sinus disease may be associated with improvement in concurrent lower respiratory tract symptoms through improved nasal airway or the direct effects of antibiotics on the lower airways[@bib173] ([Box 32-18](#cetextbox18){ref-type="boxed-text"} ).Box 32-18Sinusitis in Children Teaching Points•Acute sinusitis symptoms are present 10 to 30 days after common cold.•Chronic sinusitis symptoms persist past 30 days.•Main symptom is rhinorrhea.•Sinus tenderness is uncommon in children.•Postpharyngeal pus is seldom seen.•First-line antibiotic is amoxicillin.•Outlook is excellent in healthy children.

VIRAL CROUP {#cesec69}
-----------

Viral croup is common, affecting approximately 15% of children. Although epiglottitis is less common, it is still necessary to consider this and other alternative diagnoses such as congenital airway abnormalities, foreign body, and bacterial tracheitis.

Many children with croup require no specific treatment. Oxygen, single-dose glucocorticoids, and inhaled epinephrine are effective therapies for those who have more significant airways obstruction.

### Epidemiology, Risk Factors, and Pathogenesis {#cesec70}

Acute upper airway obstruction in children is most commonly due to a viral infection causing laryngotracheitis or spasmodic croup. The term *acute laryngotracheitis* defines the site of inflammation, which always involves the larynx and trachea; if it is believed to extend to the bronchi, the name *laryngotracheobronchitis* is used. Spasmodic croup and recurrent croup are often regarded as separate diagnoses but may be part of the spectrum of the same condition.

Viral croup (which when used in this chapter will refer to both acute laryngotracheitis and spasmodic croup) is uncommon in the first 6 months of life. Under this age, preexisting abnormalities of the upper airway such as subglottic stenosis or hemangioma should be considered. These lesions may also be the cause of prolonged stridor because viral croup rarely lasts longer than 10 to 14 days.

Viral croup is a very common condition, affecting about 15% of children. The annual incidence of croup in children younger than 6 years old is between 1.5% and 6%.[@bib181] It is most common between 6 months and 5 years of age, with a peak prevalence in the second year of life; the youngest reported patient is 3 months old.[@bib182] The full picture of viral croup is rare over the age of 10 years. Boys are affected more often than are girls.

The symptoms and signs result from inflammation in the larynx, trachea, and sometimes the bronchi. They are almost always caused by viral infection. The causative viruses are listed in [Box 32-19](#cetextbox19){ref-type="boxed-text"} .Box 32-19Viral Causes of Acute LaryngotracheitisCommon CausesInfluenza virus types A and BParainfluenza virus types 1 to 3Respiratory syncytial virusUncommon CausesAdenovirusesEnterovirusesHerpes simplex virusMorbilli (measles) virusReovirusRhinovirusesViral, Bacterial, and Fungal Causes in an Immunodeficient Host*Candida albicansCandida* spp.Herpes simplex virus type 2 (neonate)*Pseudomonas aeruginosa*

The parainfluenza viruses cause most cases of croup, with type 1 being most common, type 3 less common, and type 2 infrequent. Respiratory syncytial virus and several of the adenoviruses infrequently cause croup, as does influenza virus type A, which induces a particularly severe form.[@bib183] Rhinoviruses, enteroviruses, herpes simplex virus, and reovirus have been associated with mild cases of croup. Morbilli (measles) virus may cause upper airway obstruction resulting from laryngotracheitis, sometimes severe enough to require intubation, and there may be complicating bacterial tracheitis. Rarely, the vesicular eruption of varicella may involve the larynx. Mild "viral" croup may also be caused by *M. pneumoniae* infection.

Primary bacterial croup is now uncommon. Immunization resulted in a rapid decline in croup due to *C. diphtheriae* infection. Bacterial croup became uncommon with the introduction of antibiotics.[@bib184] Diphtheria must be considered if the child has not been immunized against *C. diphtheriae.* This organisms may cause a membranous obstructive laryngitis. In most cases now where bacterial infection occurs, this is secondary to a preceding viral infection. *S. aureus* is the most common bacteria implicated in this way. Others include *S. pyogenes, S. pneumoniae, H. influenzae,* and *M. catarrhalis*.[@bib184]

Seasonal variability in croup reflects the epidemiology of the different etiologic viruses. Parainfluenza type 1 causes outbreaks of croup in autumn and croup due to parainfluenza type 3 occurs in spring. The seasonality of croup due to parainfluenza type 2 is more variable.[@bib184], [@bib185]

After inhalation of the virus, the cells of the local respiratory epithelium become infected. There is marked edema of the lamina propria, submucosa, and adventitia accompanied by cellular infiltration with histiocytes, lymphocytes, plasma cells, and polymorphonuclear leukocytes.

There is redness and swelling of the involved airway, most marked in the lateral walls of the trachea just below the vocal cords. The subglottic trachea is surrounded by the fixed cricoid cartilage, forcing the inflammatory swelling to encroach on the internal airway lumen, narrowing it or reducing it to a slit ([Fig. 32-8](#f8){ref-type="fig"} ). The infant\'s glottis and subglottic region are normally narrow, and a small decrease in diameter results in a large increase in airway resistance and a decreasein airflow. As the airway diameter enlarges with growth, the impact of the subglottic airway swelling is reduced.Figure 32-8Endoscopic view of subglottic edema in viral croup (*top*). Radiologic presentation of subglottic edema in viral croup (*bottom right*) compared with normal trachea (*bottom left*).(From Hammer J: Acquired upper airway obstruction. Paediatr Respir Rev 5:25-33, 2004.)© 20082008Since January 2020 Elsevier has created a COVID-19 resource centre with free information in English and Mandarin on the novel coronavirus COVID-19. The COVID-19 resource centre is hosted on Elsevier Connect, the company\'s public news and information website. Elsevier hereby grants permission to make all its COVID-19-related research that is available on the COVID-19 resource centre - including this research content - immediately available in PubMed Central and other publicly funded repositories, such as the WHO COVID database with rights for unrestricted research re-use and analyses in any form or by any means with acknowledgement of the original source. These permissions are granted for free by Elsevier for as long as the COVID-19 resource centre remains active.

In spasmodic croup, the direct laryngoscopic appearance shows pale, watery edema of subglottic tissues. There is an association with the same viruses that cause acute laryngotracheitis, but evidence suggests that the response to these viruses may be atopic rather than cytopathic.[@bib184] Spasmodic croup occurs more frequently in children who are atopic.

### Clinical Features {#cesec71}

Typically, the illness starts with rhinorrhea, sore throat, and mild fever for a few days. Then the child develops a characteristic barking cough, hoarseness, and inspiratory stridor with or without low-grade fever.

An increasing severity of obstruction is evident with increasing heart and respiratory rate, flaring of alar nasi, and indrawing, especially suprasternal, intercostal, and sternal, in the younger child or infant. Increasing chest wall retractions occur as the intrathoracic pressure becomes increasingly negative and correlates with the severity of the upper airway obstruction.[@bib186] Ribcage and abdominal asynchrony occurs as the condition deteriorates.[@bib187]

Obstruction to airflow through the upper airway results in stridor and difficulty breathing and progresses to hypoxia when the obstruction is severe. Hypoxia with mild obstruction indicates lower airway involvement and ventilation-perfusion mismatch resulting from lower airway obstruction or lung parenchymal infection or even fluid.[@bib188] Hypercapnia occurs as a late change as hypoventilation progresses with obstruction.

As progressive hypoxia develops, the child is anxious or restless or may have depressed consciousness or cyanosis. Death can occur either from asphyxia or from respiratory fatigue.

On auscultation, breath sounds are normal with no added sounds except transmission of the stridor. Occasionally, there may be wheezing, indicating severe narrowing, bronchitis, or possibly coexistent asthma.

Becoming upset or worried may decrease the child\'s ability to manage the airway obstruction. Therefore, physical examination should be limited to the respiratory tract and reasonable exclusion of other diagnostic possibilities. Investigations are intrusive and should be avoided when possible.

The term *spasmodic croup* has been used to define a sudden onset of symptoms at night in a child who has been well. The symptoms are identical to viral croup but without fever, last for hours rather than days, and are seldom life threatening. The child may be well during the day and have attacks on three or four successive evenings. During the first attack, it is difficult to make an accurate diagnostic distinction from viral croup.

### Diagnosis {#cesec72}

The differential diagnosis includes any condition that causes obstruction in the region of the larynx. The most important are epiglottitis and laryngeal foreign body aspiration, both of which require emergency treatment. Acute angioedema usually presents with other evidence of swelling of the face and neck. Other conditions to be considered are retropharyngeal and peritonsillar abscess, bacterial tracheitis, subglottic stenosis, infectious mononucleosis, laryngeal diphtheria, and paraquat poisoning.

Investigations are seldom necessary in straightforward viral croup. When there is severe obstruction, neck radiographs or blood tests cause anxiety in the child, which may precipitate critically poor gas exchange. Pulse oximetry may support the clinical suspicion of hypoxia but should not be used as the only means of clinical assessment.

If radiography is deemed necessary to exclude epiglottitis or foreign body inhalation in a child whose airway is severely obstructed, it should be done in the presence of medical staff able to resuscitate and intubate a child with upper airway obstruction. However, epiglottitis is usually diagnosed clinically and confirmed under direct vision in the intensive care unit.

When radiography has been done, specific abnormalities are seen in 40% to 50% of cases (see Chapter 11). Posteroanterior neck radiographs may show a very narrowed subglottic region. In lateral neck radiographs, there may be widening of the hypopharynx and haziness in the subglottic region. Radiographic changes do not reliably reflect the severity of airway obstruction.

### Treatment {#cesec73}

Airway obstruction in croup can worsen rapidly; hence, repeated careful clinical assessment is a key component of management.[@bib189], [@bib190]

Most children with viral croup have only mild airway obstruction that spontaneously settles; therefore, no specific treatment is indicated. Most of these children can be managed at home. By the time medical attention is sought, the airway obstruction often does not progress but usually lasts 4 additional days.

A commonly used home treatment is to sit the child in the bathroom with a parent with a hot shower running, in the belief that the warm mist will help the breathing. Trials of mist therapy have shown no evidence of efficacy. A single-blinded study of blow-by humidity showed it to result in identical changes in croup scores to those seen in children receiving no therapy.[@bib191] A study of children with moderate croup that compared blow-by humidity with either 100% humidity or 40% humidity with smaller water particles generated by a nebulizer showed no significant difference between treatment groups in the change in croup score.[@bib192]

In the child with obvious indrawing, anxiety, or other evidence of moderate or severe airway obstruction, it is vital to use a careful nonintrusive approach. A parent should stay with the child, and all interactions with the child should appear calm and reassuring. Mist treatment in the hospital is no longer recommended, and it may increase the child\'s anxiety.

Mild hypoxia with a hemoglobin oxygen saturation lower than 93% is common and closely correlated to the respiratory rate. When there are clinical signs of hypoxia such as restlessness, marked tachycardia, and cyanosis, or when there is significant oxygen desaturation (Sao2\<90%) as measured by pulse oximetry, oxygen should be administered.[@bib189]

At the same time, treatment to relieve the obstruction is needed. In a minority of children, the airway obstruction progresses to become severe. Admission to the pediatric intensive care unit is indicated for children with signs of hypoxia or progressive severity of obstruction. Among children hospitalized for viral croup, less than 1% require intubation. Rarely, idiopathic pulmonary edema occurs in severe obstruction.[@bib193]

#### GLUCOCORTICOIDS {#cesec74}

The theoretical mechanism of action of the steroids is suppression of local inflammatory reaction, shrinkage of lymphoid swelling, and reduction in capillary permeability. The mechanism by which glucocorticoids exert their effect in croup is unknown.[@bib189] The place of steroids in the management of viral croup has been debated for 30 years. It was subjected to meta-analysis.[@bib194]

In the large number of studies of corticosteroids for croup, treatment efficacy has been measured using clinical symptom severity scores and the need for return visits and hospital admission, length of hospital or emergency department stay, and the need for other additional therapy.[@bib194] The validated scoring system that is most frequently used is the Westley score. This uses a 17-point scale to assess air entry (2 points), stridor (2 points), intercostal retractions (3 points), cyanosis (5 points), and level of consciousness (5 points).[@bib195]

##### Efficacy of Glucocorticoids {#cesec75}

*As measured by improvement in Westley symptom scores:* In placebo-controlled studies, glucocorticoids have been shown to result in significant improvement in symptom scores at 6 and 12 hours but not at 24 hours after administration. The lack of significance of the effect at 24 hours may be due to low study power. The effect size seen at 24 hours is similar to that at 12 hours but has been examined in fewer studies. The number needed to treat at 6, 12, and 24 hours was five, with this considered sufficient to support the use of glucocorticoids over placebo.[@bib194] [\*](#fn3){ref-type="fn"}*As measured by return visits, length of stay, and use of additional therapy:* In comparison with placebo, the rates of return visits and hospital admission are both significantly reduced (number needed to treat to prevent one return visit=17). Length of stay in the emergency department or inpatient ward are both reduced, with the mean difference being approximately 12 hours. Children treated with glucocorticoids are approximately 10% less likely to be also treated with epinephrine.[@bib194]*Different doses and routes of administration of glucocorticoids:* Using symptom scores and return visits/readmissions as outcome measures, the efficacy of glucocorticoids versus placebo given by different routes of administration (oral, spray, intramuscular, subcutaneous) does not differ. Combinations of budesonide and dexamethasone versus either alone do not result in any increased effect.[@bib196] Different doses of dexamethasone (0.15, 0.3, or 0.6 mg/kg) have similar efficacy.[@bib194], [@bib197] The onset of action of nebulized budesonide is faster than that of oral or intramuscular glucocorticoids but slower than that of nebulized epinephrine.[@bib189]*Efficacy of glucocorticoids for croup of varying severity:* A single dose of glucocorticoid has been shown to be effective in croup of all grades of severity including mild croup defined as a score of 2 or less (of 17) on the Westley scoring system.[@bib198]*Comparison with epinephrine:* There is no significant difference in improvement in croup scores in studies that have compared glucocorticoids (dexamethasone or budesonide) with epinephrine.*Adverse effects of glucocorticoids:* There is no evidence of any ill effects of a single dose of glucocorticoids given to a child with viral croup. The efficacy and safety of repeated doses of glucocorticoids in children with severe croup have not been established. However, there may be complications with steroids used inadvertently for diagnoses mimicking viral croup, such as epiglottitis or bacterial tracheitis, so the clinician must be certain of the diagnosis before administering them.[@bib184] Both bacterial tracheitis and *Candida* laryngotracheitis have been reported to occur in children with croup being treated with glucocorticoids.[@bib199], [@bib200]

#### EPINEPHRINE {#cesec76}

Epinephrine (Adrenalin) was first introduced for viral croup in 1971. It is thought to stimulate αadrenergic receptors in subglottic mucosa, producing vasoconstriction, resulting in less hyperemia and edema of the larynx and subglottic region. This results in increased airway diameter within 30 minutes. However, the effect is short lived, lasting about 2 hours because of dispersion of the epinephrine.[@bib201] The first use of this treatment was with racemic epinephrine hydrochloride (Vaponefrin, equivalent to 2.25% epinephrine base), a mixture of equal parts of the inactive d-isomer and the active l-isomer. In some early studies,[@bib202] this treatment was given with intermittent positive-pressure breathing, but a similar effect is seen without it.[@bib203] Racemic epinephrine is not readily available in some countries, and it has been replaced by the use of l-epinephrine solution, which is cheaper.[@bib201]

Epinephrine does not alter the natural history of the airway obstruction. Therefore, when the effects wear off, rebound may occur. The obstruction may be either as bad as before or worse if the overall condition is deteriorating. It is dangerous to discharge a child with croup who has been given nebulized epinephrine before ensuring that there is no rebound. The child should be observed for 6 hours after the dose. Epinephrine is used to provide immediate symptomatic relief in patients with moderate and severe croup and in those admitted to the intensive care unit in an attempt to avert the need for intubation.

Epinephrine is given via a nebulizer with a face mask and is driven with oxygen. The usual dose in infants weighing 10 kg is 5 mg, which may be given as 5 mL of 1:1000 solution of l-epinephrine or as 0.5 mL of 2.25% solution (22.5 mg/mL) of racemic epinephrine solution, which contains 5 mg of l-isomer. The latter is diluted with isotonic saline to a 3- to 5-mL volume. In young infants, graded doses based on body weight are appropriate: 0.5 mL/kg concentration of 1:1000 l-epinephrine to a maximum of 5 mL or 0.05 mL/kg of 2.25% solution to a maximum of 0.5 mL of racemic epinephrine. Doses may be repeated every 2 hours or even more often. Adverse reactions have not been reported. Nebulized epinephrine is relatively contraindicated in children with ventricular outflow tract obstruction, for example, tetralogy of Fallot.[@bib189]

#### OTHER TREATMENTS {#cesec77}

Intravenous fluids are not usually required in viral croup, but if a child is unable to drink, they may become necessary.

Admission to the intensive care unit is indicated when there is restlessness, anxiety, marked tachycardia, or cyanosis or when the child is tiring. In this situation, epinephrine and corticosteroids should be administered.

Helium and oxygen mixtures (helium:oxygen 80:20 or 70:30) improve gas flow when there is turbulent flow through high-resistance airways. This is because helium is one seventh the density of air, thereby increasing flow as well as allowing carbon dioxide to diffuse through it 4 to 5 times faster than it does through air.[@bib204] Helium is an inert, nonflammable gas with no known pharmacologic effects.[@bib189] Heliox (helium:oxygen 70:30) has been shown to be of similar efficacy to nebulized epinephrine in one small double-blind, randomized trial of children with croup who were receiving oxygen and glucocorticoids.[@bib205]

Despite vigorous treatment with epinephrine and steroids, a child occasionally progresses to critical airway obstruction necessitating endotracheal intubation. This should be performed by a pediatric anesthetist or intensive care pediatricianexperienced in endotracheal intubation using inhalational anesthesia. Intubation should be maintained until an air leak develops, indicating a reduction of airway edema, or until a maximum of 5 days passes, at which time a trial of extubation is attempted. Rarely, tracheostomy may be the only method of providing an alternative airway.

### Clinical Course and Prognosis {#cesec78}

About half the cases of croup progress to recurrent croup (at least two episodes). In a few individuals, numerous episodes occur. More of these children are boys; more have asthma, hay fever, eczema, and positive allergy prick tests; and more come from families with a history of atopy or croup than do children with nonrecurrent croup.[@bib206] Pulmonary function studies have demonstrated lower expiratory flow rates, and increased airway responsiveness to histamine has been documented on inspiratory and expiratory flow-volume loops ([Box 32-20](#cetextbox20){ref-type="boxed-text"} ).Box 32-20Viral Croup Teaching Points•Viral croup includes acute laryngotracheitis and spasmodic croup.•Parainfluenza virus infections are the most frequent cause. Seasonal variability in croup reflects the epidemiology of the different etiologic viruses.•Viral croup is common, affecting 15% of children, most commonly between 6 months and 5 years of age.•Viral croup is uncommon in the first 6 months of life. Presentation in this age group necessitates consideration of alternative diagnoses such as congenital or vascular airway abnormalities.•Characteristic clinical features are a barking cough, hoarseness, and inspiratory stridor with an absence of symptoms and signs of systemic toxicity.•Investigations are seldom necessary in straightforward viral croup.•Airway obstruction can progress rapidly; therefore, it is necessary to clinically reassess at frequent intervals.•A single dose of a glucocorticoid has been shown to reduce clinical severity and decrease the need for hospital or emergency department care. Inhaled, oral, and parenteral routes of administration are all effective but do not have an additive effect. Beneficial effect has been shown for mild, moderate, and severe croup.•Epinephrine provides rapid-onset, short-term relief of airway obstruction but does not alter the natural history of the disease.•Some children get recurrent croup. Most of them are atopic.

EPIGLOTTITIS {#cesec79}
------------

Epiglottitis is a very serious infection of the epiglottis and supraglottic structures that results in acute airway obstruction and high risk of death if untreated. It is rare but must be considered in a child with dyspnea and stridor. Ifsuspected, management must be initially focused on securing the airway.

### Epidemiology, Risk Factors, and Pathogenesis {#cesec80}

Since the introduction of vaccines that protect against *H. influenzae* type B (Hib) infection, epiglottitis has become a rare disease. Most cases now occur in adolescents and adults.[@bib207], [@bib208] However, cases of epiglottitis due to Hib continue to be reported.[@bib209] Other causative organisms include nontypable *H. influenzae, H. parainfluenzae, S. aureus,* and *S. pneumoniae.* [@bib91] Occasionally, viruses[@bib210], [@bib211], [@bib212] or *Candida* organisms are also causative.[@bib213]

Direct bacterial invasion causes cellulitis with marked edema of the epiglottis, aryepiglottic folds, ventricular bands, and arytenoids. There is a large potential space for the accumulation of inflammatory cells and edema fluid where the stratified squamous epithelium is loosely adherent to the anterior surface and the superior third of the posterior portion of the epiglottis. There is diffuse infiltration with polymorphonuclear leukocytes, hemorrhage, edema, and fibrin deposition, and microabscesses may form. Infection of the supraglottic larynx may extend but does not usually reach the subglottis or the laryngeal lymphatic system.

### Clinical Features {#cesec81}

Up to half of the children have preceding upper respiratory tract symptoms. The onset of epiglottitis is typically abrupt, with early toxicity. The duration of symptoms before presentation to the hospital is usually less than 24 hours. Localizing symptoms are caused by supraglottic swelling and airway obstruction.

There is a very sore throat, difficulty swallowing because of pain, respiratory distress, drooling, a choking sensation, irritability, restlessness, and anxiety. The temperature is high, usually between 38.8° and 40° C (101.8° to 104° F). Sighing respirations, mild stridor, retractions, and mild tachypnea occur. Less common symptoms and signs are cough, which may be harsh, and occasionally barking, delirium, lethargy, hoarseness or aphonia, vomiting, chills, anorexia, cervical adenopathy, wheezing, and hypotonia.

The child naturally assumes a posture that maximizes the diameter of the obstructed airway: sitting and leaning forward with hyperextension of the neck and protrusion of the chin. A few may have shock with cyanosis, prostration, and loss of consciousness.

Children with epiglottitis are at risk for total airway obstruction. The enlarged, inflamed supraglottic ring can progress to respiratory obstruction with unexpected suddenness. Epiglottitis progresses to death in about 7% of children who do not have a secured airway. With accurate early recognition and elective intubation, the mortality rate should approach zero. Most deaths occur in the community, during transit to hospital or in the first few hours after arrival.

Chronic epiglottic enlargement may be seen with neck radiotherapy for cancer, granulomatous lymphangitis, or lymphangiectasis and in infection with the human immunodeficiency virus.[@bib214] The chronicity of symptoms makes these conditions easily distinguishable from acute epiglottitis. Similarly, congenital anomalies of the airway and laryngeal papillomatosis are usually quite distinct.

### Diagnosis {#cesec82}

Investigations should be left until the airway is secured. The diagnosis is confirmed under direct visualization. Detection of the responsible organism is important for guiding antibiotic management. Direct culture of supraglottic tissues reveals the causative organism in the majority of patients. The blood culture may also be positive. Blood leukocyte counts, mainly polymorphonuclear leukocytes, are increased. The numbers of immature neutrophils are increased in most cases. The level of C-reactive protein is usually raised.

The diagnosis is often clear from the specific clinical signs. However, it is sometimes difficult to differentiate epiglottitis from severe viral croup of a more rapid onset. Distinguishing features include the absence of spontaneous cough and the presence of drooling and agitation.[@bib215] Toxicity, high fever, and sore throat may also occur with bacterial tracheitis, uvulitis, and retropharyngeal or parapharyngeal abscess. Nasopharyngeal diphtheria is now rare but may mimic acute epiglottitis and is associated with serosanguineous discharge. Noninfectious causes mimicking epiglottitis include angioedema, a pharyngeal burn, and a foreign body that is in the valleculae or larynx or that penetrates the posterior pharyngeal tissues.

Lateral radiographic views of the soft tissues of the neck may be needed if a laryngeal foreign body is suspected, but the patient\'s airway must be carefully monitored throughout the procedure. The best view of the anatomic structures of the upper airway is obtained with the patient upright. The hypopharynx is dilated, and the normal cervical lordosis may be replaced by a straight or kyphotic contour. The valleculae are narrowed and may be obliterated. A thickened mass of tissue extends from the valleculae to the arytenoid muscles ([Fig. 32-9](#f9){ref-type="fig"} ).Figure 32-9Schematic (*top left*) and endoscopic (*top right*) views of epiglottis. *Bottom,* Lateral neck radiographs of a normal child (*left*) and a child with the typical thumb sign (*right*).(From Hammer J: Acquired upper airway obstruction. Paediatr Respir Rev 5:25-33, 2004.)© 20082008Since January 2020 Elsevier has created a COVID-19 resource centre with free information in English and Mandarin on the novel coronavirus COVID-19. The COVID-19 resource centre is hosted on Elsevier Connect, the company\'s public news and information website. Elsevier hereby grants permission to make all its COVID-19-related research that is available on the COVID-19 resource centre - including this research content - immediately available in PubMed Central and other publicly funded repositories, such as the WHO COVID database with rights for unrestricted research re-use and analyses in any form or by any means with acknowledgement of the original source. These permissions are granted for free by Elsevier for as long as the COVID-19 resource centre remains active.

### Treatment {#cesec83}

Because of the high risk of complete airway obstruction, great care should be taken in treating epiglottitis. Once a physician suspects this diagnosis, the child should be constantly attended by an individual skilled in resuscitation using the appropriate equipment for airway stabilization and ventilatory support. Delays of 2 to 3 hours have proved fatal. Every effort should be made to reduce the time needed to secure a patient\'s airway and initiate antibiotic therapy. During this waiting interval, unnecessary stress for the child should be prevented; the throat should not be examined. Extensive clinical assessment, transport delay, and blood tests should be avoided.

The airways should be secured as early as possible after diagnosis. A large body of literature attests to the safety and efficacy of elective nasotracheal intubation, which is the treatment of choice. A short period of airway maintenance is usually all that is required. A nasotracheal tube that is 0.5 mm smaller than that predicted by the patient\'s age is recommended. Expert nursing care is essential to prevent inadvertent extubation, particularly in the first 12 to 18 hours. The criteria for extubation include being afebrile and swallowingcomfortably. Repeat examination of the epiglottis and supraglottic structures by direct laryngoscopy or fiberoptic bronchoscopy is not normally necessary.

Until the results of sensitivity tests are known, the child should be treated with a broad-spectrum intravenous antibiotic to cover the majority of possible isolates. Initial treatment is usually a second-generation cephalosporin such as cefuroxime (if meningitis is not present) or a third-generation cephalosporin such as cefotaxime or ceftriaxone. If the isolate is proved to be susceptible, ampicillin, a cheaper agent, may be substituted. If *S. pyogenes* is isolated from the airway, penicillin is the drug of choice. When *S. aureus* is isolated, a semisynthetic penicillinase-resistant penicillin or glycopeptide such as vancomycin should be used depending on sensitivity patterns. Erythromycin should be used for *C. diphtheriae.*

No controlled studies address the duration of antibiotic treatment, but a course of 7 days of intravenous administration (until the child is afebrile for 48 hours) followed by oral therapy is commonly used. Ceftriaxone in a single daily dose of 100 mg/kg for 5 days is effective.[@bib216]

Although there have been some recommendations to use corticosteroids, no controlled data support their use; in fact, they may be hazardous because of the side effects. Therapy with inhaled epinephrine is of no benefit.

### Clinical Course and Prognosis {#cesec84}

Complications are uncommon.[@bib217] Evidence of pneumonia or atelectasis is sometimes seen on the chest radiograph. Other findings may include exudative tonsillitis, cervical lymphadenitis, and otitis media. Meningitis, septic arthritis, and pericarditis occurring with epiglottitis are rare; routine lumbar puncture is unnecessary.

In about 10% of children with epiglottitis in whom there is severe airway obstruction, idiopathic pulmonary edema may occur before or after insertion of endotracheal tubes.[@bib193] The hypothetical mechanism is an increased pulmonary blood flow secondary to airway obstruction, causing markedly negative intrapleural pressure with increased venous return to the right side of the heart and decreased left ventricular output. These changes increase the pulmonary microvascular pressure and produce pulmonary hyperemia and edema. Endotoxemia may play a role in altering vascular permeability, but it is not a necessary prerequisite. Continuous positive airway pressure in intubated patients may decrease the occurrence of pulmonary edema.

Complications occurring after extubation include laryngeal edema and subglottic granulations. Long-term complications of nasotracheal intubation are rare. Tracheostomy is lifesaving but has been replaced by safer nasotracheal intubation.

Secondary disease can occur in household contacts of epiglottitis due to Hib. Epiglottitis has also occurred in household contacts of meningitis resulting from Hib. Rifampin (Rifampicin) prophylaxis eradicates nasopharyngeal carriage and is recommended as follows: a dosage of 20 mg/kg/day (600 mg maximum per dose) for 4 days for all members of a patient contact group when the index case has invasive Hib and there is at least one contact who is 4 years of age or younger. For patients younger than 2 years of age, prophylaxis is required for the child and all household contacts.[@bib218]

Prevention of invasive Hib infection is now universally recommended using one of the approved polysaccharide conjugate vaccine regimens for children up to 5 years of age. These vaccines are highly effective in lowering the incidence of invasive epiglottitis resulting from Hib[@bib219], [@bib220] ([Box 32-21](#cetextbox21){ref-type="boxed-text"} ).Box 32-21Epiglottitis Teaching Points•Since the introduction of vaccines that protect against *H. influenzae* type B infection, epiglottitis has become a rare disease.•Most cases now occur in adolescents and adults.•The onset is typically abrupt, with duration of symptoms before presentation to the hospital usually less than 24 hours.•Children with epiglottitis are at risk of total airway obstruction and can progress to respiratory obstruction with unexpected suddenness.•The diagnosis is confirmed under direct visualization. Other investigations are deferred until the airway is secured.

BACTERIAL TRACHEITIS {#cesec85}
--------------------

Bacterial tracheitis is uncommon but potentially life threatening. It is characterized by thick membranous tracheal secretions. These do not clear with coughing and can occlude the airway and cause death.[@bib221]

### Epidemiology, Risk Factors, and Pathogenesis {#cesec86}

The age group most commonly affected is similar to that for viral croup with a mean age of 4 years.[@bib221]

Direct bacterial infection of the tracheal mucosa is caused by the organisms listed in [Box 32-22](#cetextbox22){ref-type="boxed-text"} . *S. aureus* is the most common bacteria reported.[@bib222] A significant proportion of infections are polymicrobial.[@bib221] *Moraxella catarrhalis* is described to be more frequent in younger children and to be associated with a more severe course, although this may be due to its association with younger age.[@bib221] Box 32-22Causes of Bacterial TracheitisCommon Causes*Haemophilus influenzae* type b and nontypable *Haemophilus influenzaeKlebsiella pneumoniaeStaphylococcus aureusStreptococcus pneumoniaeStreptococcus pyogenes* group ARare Causes*Moraxella catarrhalisPseudomonas* spp.

Influenza virus, parainfluenza virus, and enterovirus have been isolated in children with bacterial tracheitis, suggesting that bacterial invasion may occur in an airway already inflamed by viral infection. Bacterial tracheitis is a recognized complication of measles.[@bib223]

The bacterial infection causes a diffuse inflammatory process of the larynx, trachea, and bronchi with mucopurulent exudate and semiadherent "membranes" within the trachea. These membranes contain numerous neutrophils and cellular debris and cause major obstruction.

### Clinical Features {#cesec87}

In most children, there are prodromal upper respiratory tract symptoms. Bacterial tracheitis usually presents as severe upper airway obstruction, most often in a child who has had viral croup for several days. Not all children present with high fever, systemic toxicity, and severe airway obstruction. In some, particularly those who are older, the illness can remain localized to the trachea.[@bib221]

The differential diagnosis includes severe viral croup, laryngeal or tracheal foreign body aspiration, or epiglottitis. Bacterial tracheitis has a longer duration, a more typical barking cough than epiglottitis, and no drooling. Diphtheria was once a serious consideration as the most common cause of "membranous croup" that produced severe airway obstruction because of adherent membranes that separate from the airway wall with difficulty, causing bleeding.

### Diagnosis {#cesec88}

The definitive diagnosis requires direct laryngoscopy and tracheoscopy.[@bib224] Bacterial cultures of tracheal secretions are required to isolate causative organisms. The results from blood cultures are usually negative. White blood cell counts may be high or normal.

Endoscopy reveals thick mucopus and sloughed epithelium. The epithelium forms a sheet-like pseudomembrane that separates easily from the airway wall without hemorrhage and sometimes extends from the trachea to the major bronchi.

A lateral neck radiograph shows subglottic narrowing and often reveals findings of radiopaque material in the airway lumen (pseudomembrane) and tracheal irregularities.[@bib221], [@bib225] Plain radiographic abnormalities can be confused with those due to a foreign body.

### Treatment {#cesec89}

Specific diagnosis and treatment are secondary to definitive treatment of impending airway obstruction.[@bib224] In a child suspected of having bacterial tracheitis, management should occur in a pediatric intensive care unit. At least half of children with bacterial tracheitis will need to be intubated.[@bib221] Intermittent positive-pressure breathing is sometimes needed. Repeated suctioning is usually required because of the thick secretions and their tendency to form crusts, with intubation lasting 3 to 11 days. Sometimes, repeat endoscopic removal of the pseudomembrane is required. Occasionally, tracheostomy is needed if endotracheal tube management of secretions proves too difficult.

Empirical antibiotic choice should provide broad-spectrum gram-positive and gram-negative cover. Appropriate first-line choices include amoxicillin/clavulanic acid, cefuroxime, and ampicillin+sulbactam.

Nebulized epinephrine or corticosteroids do not relieve the acute airway obstruction.

### Clinical Course and Prognosis {#cesec90}

With effective early management, children should make a complete recovery from this severe illness. Reported complications include toxic shock syndrome, septic shock, pulmonary edema, and acute respiratory distress syndrome ([Box 32-23](#cetextbox23){ref-type="boxed-text"} ).Box 32-23Bacterial Tracheitis Teaching Points•Bacterial tracheitis is characterized by thick tracheal membranes, which can occlude the airway and cause death.•It occurs in both the preschool- and school-age groups and can present either with fever and systemic toxicity or as more localized disease.•Definitive diagnosis requires laryngoscopy and tracheoscopy.•The etiology can be polymicrobial.•At least half of children with bacterial tracheitis will need to be intubated.•Children with this condition should be managed initially in the intensive care unit.•Broad-spectrum intravenous antibiotics are required.

RECURRENT RESPIRATORY PAPILLOMATOSIS {#cesec91}
------------------------------------

Juvenile recurrent respiratory papillomatosis (RRP; also known as laryngeal papillomatosis) is a rare condition with benign, wart-like tumors in the respiratory tract, especiallythe larynx, usually associated with upper airway obstruction, which can become life threatening.[@bib226]

### Epidemiology, Risk Factors, and Pathogenesis {#cesec92}

The incidence of recurrent respiratory papillomatosis has been estimated as 4.3 per 100,000 children.[@bib227] It occurs at all ages, with about half of all cases appearing in children and the youngest reported patient being 1 month of age.[@bib228]

Human papillomavirus (HPV) types 6 and 11 cause about 90% of cases of recurrent respiratory papillomatosis.[@bib229], [@bib230] Type II is more virulent, associated with earlier presentation and more surgical procedures.[@bib229] Occasional coinfection with other viruses has been demonstrated (e.g., herpes simplex, cytomegalovirus, Epstein-Barr virus) and is associated with a more aggressive course.[@bib231] The replicating virus may cause overgrowth of squamous epithelial cells. The papillomata are multiple projections, each with a connective tissue stalk covered by well-differentiated stratified squamous epithelium. The viral antigen is localized in the nuclei of cells in the very superficial layers. Papilloma occur in the larynx, trachea, bronchi, and lung parenchyma.

There is debate about the mechanism of infection with HPV. The same types of HPV that cause perineal condylomata in women also cause juvenile recurrent respiratory papillomatosis. Children can acquire the infection during the birth process from the mother with perineal condylomata.[@bib232], [@bib233], [@bib234] However, there are many children in whom there is no evidence of maternal HPV infection in whom the source of infection remains obscure. Host susceptibility has been investigated in a limited number of patients, and only one child has been found to have IgG~2~ subclass deficiency.[@bib235]

### Clinical Features {#cesec93}

In the pediatric age group, about half of patients have symptoms within the first year of life, although clinical recognition of the disease is often delayed. Patients usually come to medical attention late, with respiratory distress due to airway obstruction and stridor, together with hoarseness or a weak cry. Life-threatening upper airway obstruction may occur and, less commonly, chronic cough, recurrent pneumonia, failure to thrive, dyspnea, and dysphagia.[@bib226] Although the lesions are usually localized within the larynx, spread to other areas (pharynx, esophagus, trachea, and lung parenchyma) may occur and indicates a more pessimistic outlook.[@bib228] When the lung parenchyma is involved, lung tissue may be destroyed with multiple nodular and cystic lesions ([Figure 32-10](#f10){ref-type="fig"}, [Figure 32-11](#f11){ref-type="fig"} ). Pneumothorax can occur after the development of cystic pneumatoceles, presumably from the ball-valve effect of a nodular lesion.[@bib236] Figure 32-10In a 13-year-old boy with a tracheostomy tube placed due to laryngeal papillomatosis, chest radiograph shows multiple nodular processes (*arrows*), some of which are cavitating, caused by parenchymal dissemination of the papillomatosis.(From Diagnostic imaging of the respiratory tract. In Chernick V, Boat TF, Wilmott RW, Bush A \[eds\]: Kendig\'s Disorders of the Respiratory Tract. Philadelphia, WB Saunders, 2006.)Figure 32-11Chest computed tomography scan of an 8-year-old girl with laryngotracheal papillomatosis shows multiple peripheral nodules and cavities with posterior dominance, in keeping with pulmonary dissemination.(From Diagnostic imaging of the respiratory tract. In Chernick V, Boat TF, Wilmott RW, Bush A \[eds\]: Kendig\'s Disorders of the Respiratory Tract. Philadelphia, WB Saunders, 2006.)

The tumors are benign but present obstructive problems because of their localization in the vocal cords or other sites. At presentation, papillomas are usually present on one or both vocal cords with the anterior commissure, supraglottis, or subglottis also commonly affected.

### Diagnosis {#cesec94}

The condition is diagnosed by inspection of the larynx, either by indirect means such as fiberoptic laryngoscopy or by formal laryngoscopy and bronchoscopy when tissue biopsy samples can be taken for histologic confirmation. The virus signal can be identified in the tissue biopsy, but its intensity does not generally correlate with the clinical behavior of the disease.

Multiple endoscopies are usually required for further investigation and management, and flexible bronchoscopy is the method of choice for surveillance.

A staging system has been developed by Derkay and colleagues[@bib226] with good interobserver reliability.[@bib237] It includes area and severity of involvement, characteristics of voice, and respiratory distress.

### Treatment {#cesec95}

#### PREVENTION {#cesec96}

Vaccines against HPV types 6, 11, 16, and 18 have been developed to prevent cervical cancer. Vaccination against HPV is likely to be recommended for use in 11- to 12-year-olds.[@bib230] Because of the timing of the vaccination, it is unlikely that it will have an impact on the prevalence of RRP in childhood but could potentially reduce early childhood disease in the next generation.

#### TREATMENT OF DISEASE {#cesec97}

The goals of treatment are to relieve airway obstruction, improve voice quality, and minimize the risk of recurrence. Recurrent respiratory papillomatosis is frustrating to treat because lesions are often recurrent after excision and sometimes locally aggressive. The focus of management is to debulk the papilloma and ensure a safe airway without causing irreversible long-term scarring, especially affecting the voice. Total surgical removal of the disease is impossible in most cases because subclinical viral infection occurs in apparently normal adjacent areas and the degree of destruction necessary to clear the field would require too great a degree of tissue damage.

The carbon dioxide laser is the most widely used surgical tool for removing recurrent respiratory papilloma, vaporizing the papilloma. However, it does not prevent regrowth any better than the older surgical methods, such as direct removal or suction diathermy. Photodynamic therapy has been used, pretreating the patient with a hematoporphyrin derivative and then subjecting the lesion to an argon dye laser beam at a 630-nm wavelength.[@bib238] If possible, tracheotomy should be avoided because of seeding of the disease to the tracheotomy site.

Historically, clinicians have used numerous other therapeutic modalities, including cryotherapy, painting of the lesions with podophyllin, indole-3-carbinol, photodynamic therapy and antimetabolites, vaccines, and immunotherapy, but the results have been generally poor.

Adjuvant antiviral therapy with acyclovir or ribavirin, or cidovir injected into the lesions has been considered, but there are no controlled clinical trials.[@bib239]

Interferon-a used with surgery has disappointing results. Although most studies have shown a dramatic decrease in the frequency of regrowth immediately after beginning such treatment, regrowth gradually occurs. In one large multicenter, randomized study,[@bib240] interferon was neither of curative nor of substantial value as an adjunctive agent after 1 year of treatment. In another study of 66 patients,[@bib241] there was a 33% sustained complex remission rate, leading the authors to suggest a 6-month trial of interferon-a in children requiring surgery at 2- to 3-month intervals. Although this agent is moderately well tolerated, the almost universal side effects of mild influenza-like symptoms are unpleasant, and the frequent parenteral mode of delivery is disliked, particularly in the younger age group. Interferon therapy may be used in particularly aggressive disease, but it should not be continued beyond 12 months unless the disease responds.[@bib242] In less severe cases, the indication is not absolute.

### Clinical Course and Prognosis {#cesec98}

The most usual course of the disease is for the papilloma to continue to grow locally despite surgical removal and without significant spread. Over time, the majority of cases in children undergo spontaneous remission (analogous to skin warts). Death is rare. Malignant change to squamous cell carcinoma has been reported in 3% to 5%, mainly in adults.[@bib243] The now-abandoned treatment of these lesions with radiotherapy has been implicated in ensuing malignancies in the pediatric age group ([Box 32-24](#cetextbox24){ref-type="boxed-text"} ).Box 32-24Recurrent Respiratory Papillomatosis Teaching Points•Papillomas are projections with squamous epithelium infected with human papillomavirus on a connective tissue stalk.•They cause airway obstruction, especially around the larynx.•Diagnosis is often delayed.•Interferon is considered for aggressive cases.

Most illnesses caused by these viruses include other symptoms in addition to those that are symptoms of the common cold.[@bib18]

In adults these measurements are greater than 7 mm at the level of the second and greater than 22 mm at the sixth cervical vertebra.[@bib96]

In the studies included in the meta-analysis, improvement in the Westley score was defined in a number of ways.

[^1]: Amoxicillin is often used in place of oral penicillin V in young children because of the acceptance of the taste of the suspension, not because of any microbiologic advantage.

[^2]: Dose should be determined on basis of benzathine component.

[^3]: These agents should not be used to treat patients with immediate-type hypersensitivity to β-lactam antibiotics.
